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The  Development  of  an  Electrostatically  Safe 
Lead  Styphnate  Composition  and  the  Reproduction 
of  Lead  Styphnate  Mixtures  by  ^et  Processes 


This  report  oontains  no  information  of  overseas  origin. 

Ref  .X.  30/24/7 


Introduction:  - 

A  major  and  notorious  objeotion  in  the  use  of  lead  styphnate  for  Service 
requirements  has  oeen  the  combination  of  its  readiness  to  aoquire  eleotrostatio 
charges  with  the  very  low  spark  energy  required  for  ignition  which  is  generally 
reoognised  as  constituting  considerable  hazard  in  the  preparation  and  handling 
of  the  material.  Accidents  have  occurred  during  the  processing  of  lead  styphnate 
compositions  which  have  been  attributed  to  the  build  up  and  discharge  of 
electrostatic  charges  during  such  operations  as  drying  and  sieving.  Elaborate 
anti-statio  precautions  have  therefore  been  taken  during  the  handling  of  dry 
lead  styphnate  compositions  by  the  adoption  of  conducting  containers  and  floors, 
earthing  of  operatives  eto.  but  the  risk  of  accidental  ignition  oannot  be  eliminated 
whilst  the  composition  itself  remains  highly'  electrically  insulating  and 
susceptible  to  low  energy  spark  discharges. 

The  incorporation  of  an  inert  conducting  material  appeared  to  offer  a  means 
of  modifying  the  lead  styphnate  by  increasing  the  conductivity  so  that  an 
electrostatic  build  up  would  be  prevented.  Thus  if  the  composition  acquired 
a  sufficient  eleotrical  leakage  value,  the  ignition  energy  level  of  the  lend 
styphnate  would  not  be  reached  and  the  hazard  from  electrostatic  ignition  during 
processing  and  handling  generally  would  be  considerably  reduced. 

In  1944  there  was  a  Service  requirement  for  an  electrically  ignited  cap 
composition  f^r  use  in  the  20  mm.  Hispano  ammunition.  This  urgent  requirement 
was  met  by  the  production  of  a  small  particle  size  lead  styphnate  (a.R.D. 

Explosives  Report  281/45)  which  was  mixed  in  the  dry  state  with  powdered  graphite 
to  form  a  non-segregating  mixture.  It  was  considered  that  the  investigation  of 
an  electrostatically  safe  lead  styphnate  composition  could  conveniently  be 
extended  to  include  the  possibility  of  developing  a  wet  method  for  the 
incorporation  of  povdered  graphite.  The  object  would  be  directly  to  produce  a 
composition  suitable  for  the  20  mm.  electric  cap  thus  obviating  the  need  for 
dry  mixing  of  lend  styphnate. 

During  investigations  on  the  incorporation  of  graphite  in  its  various 
forms,  it  became  apparent  that  a  wider  prinoiple  oould  be  embraced.  The  ory- 
mixing  of  sensitive  explosives  in  the  faotories  is  not  a  desirable  process 
although  it  is  a  caramon  praotice.  There  is  primarily  the  increased  hazard  of 
accidental  explosioodue  to  raeohanioal  agitation  and  the  greater  number  of  handling 
operations.  Then  the  difficulties  inherent  in  preparing  homogeneous  nech.anic.ol 


fixtures  of  tv.o  or  more  components  differing  in  particle  size,  shape  and  density 
are  followed  by  the  possibilities  of  segregation  during  subsequent  handling 
and  storage.  Thus  from  every  aspect  the  employment  of  v.et  processes  to  give 
non -segregating  mixtures  affords  considerable  advantages  especially  when  the 
explosive  concerned  is  lead  styphnate. 

The  name  lead  styphnate  is  commonly  applied  to  the  chemical  substance 
normal  lead  trinitroresorcinate  rmonohhydrate  (CgH(N02)j502.Pb.H20)  but  for  use 
ns  an  explosive  and  particularly  in  connection  with  investigations  as  described 
in  this  report  it  is  neoessary  to  specify  further  its  physical  form  in  terms  of 
such  faotors  as  crystal  habit,  size,  surface  area,  degree  of  aggregation  etc. 
This  has  been  adopted  for  particular  types  designated  R.D. 1302  and  R.D. 1303 
(A.R.D.Explosives  Report  286/45*  28l/45) • 

Objects  of  the  Report 

1 .  To  give  an  account  of  the  development  of  a  lead  styphnate  composition, 
incorporating  2-3  per  cent,  graphite,  which  is  insensitive  to  electrostatic 
discharges . 

2.  To  detail  the  development  of  a  process  for  the  production  of  a  composition 
suitable  for  the  20  mm.  Hispano  Electric  cap. 

3.  To  show  the  possibilities  of  obtaining  non-segregating  mixtures  by  wet 
processes. 

Su.jnary 

A  method  has  been  developed  by  which  colloidal  graphite  can  be  incorporated 
with  lead  styphnate,  directly  after  manufacture  without  isolating  the  explosive 
in  the  dry  state  to  give  products  which,  in  the  loose  dry  condition  will  not 
ignite  or  detonate  when  subjected  to  electric  sparks  of  high  energies. 

Such  compositions  have  been  prepared  by  the  use  of  water  dispersed 
colloidal  graphite  tugether  with  the  use  o f  gelatin  solution  as  an  agent  for  the 
irreversible  attachment  of  graphite  flocculi.  This  application  of  gelatin 
has  been  followed  by  extending  the  investigation  to  include  related- substandes 
showing  that  alkaline  solutions  of  amino  acids  may  be  similarly  employed. 

The  process  is  particularly  adaptable  to  R.D. 1303,  which  after  precipitation 
and  washing  can  be  treated  with  an  aqueous  dispersion  of  colloidal  graphite 
equivalent  to  2  per  cent,  of  the  product,  followed  by  the  addition  of  gelatin 
solution. 

Untreated  R.D. 1303  has  a  high  electrical  specific  resistance  in  the  loose 
state  (>  10  x  10  ‘  ohms/cm-' ) .  The  graphited  .material  containing  2  per  cent, 
graphite  has  a  comparatively  low  specific  resistance  (  <'50  x  \Qr  ohms/cm^), 
self  electrification  is  negligible  and  the  loose  material  can  be  subjected  to 
spark  energies  of  6,200  ergs  without  ignition  whereas  the  untreated  R.D. 1303 
gives  5  per  cent  ignitions  at  spark  energies  of  110  ergs.  The  graphited  R. D.1303 
when  mixed  dry  with  powdered  graphite  fires  satisfactorily  in  the  20  mm.  electric 
•  cap  test. 

The  process  is  critically  dependent  on  sufficient  colloidal  graphite  being 
incorporated  with  the  lead  styphnate  to  give  a  product  of  low  specific  resistance; 
for  safety  purposes  it  is  considered  that  the  .material  should  have  a  specific 
resistance  not  greater  than  50  x  10^  ohms/c../  when  determined  by  the 
method  described. 


2. 


The  quantity  of  colloidal  graphite  incorporated,  to  give  the  desired 
specifio  resistance  depends  on  the  type  of  parent  lead  styphnate.  Lead 
styphnate  prepared  by  the  R.D.  method  (that  is  by  the  preliminary 
precipitation  of  the  basic  salt)  with  a  surface  area  equivalent  to  1,000  cmyg. 
requires  a  minimum  >f  2.5  per  cent,  graphite;  mater ial  of  surfaoe  area 
approximating  to  700  om^/g.  requires  at  least  2.0  per  oent,  graphite  while 
lead  styphnate  of  surfaoe  area  450  cm^/g.  requires  a  ..iini.au a  of  1.7  per  cent,  f 
graphite.  There  is  some  evidence  that  when  the  quantity  of  colloidal  graphite 
incorporated  is  less  than  the  minimum  value,  the  produot  beoanes  more  sensitive 
to “static  charges  than  the  untreated  lead  styphnate.  This  any  provide  an 
explanation'  of  the  reported  abandonment  in  Ger.aany  of  attempted  graphiting  of 
lead  styphnate  associated  with  the  incidenoe  of  serious  accidents. 

In  general,  the  aaaller  the  partiole  size  of  the  lead  styphnate  the 
greater  the  ease  of  graphiting.  Crystal  habit  is  not  a  critical  faotor 
with  lead  styphnate  of  specific  surfaoe  area  greater  than  600  cur/g.  but  it  is 
difficult  to  incorporate  sufficient  colloidal  graphite  to  obtain  a  proiuct  of  low 
specific  resistance  below  this  figure,  the  orystal  habit  becoming  important , 
and  the  success  of  the  graphiting  process  depending  on  previous  surfaoe 
treatment  of  the  lead  styphnate. 

The  experimental  procedure  of  a  "non-statio"  lead  styphnate  on  the  6  oz.  scali 
is  detailed  in  Appendix  I,  the  process  having  been  developed  with  a  view  to  its 
extension  to  the  factory  scale  utilizing  available  equipment. 

In  view  of  the  satisfactory  manner  in  which  colloidal  graphite  could 
be  attached  to  the  orystals  of  R. D. 1303 »  it  was  reasonable  to  expect  that  an 
inorease  in  the  graphite  content  of  the  non-static  type  of  material  would 
produoe  a  composition  suitable  for  use  in  the  20  mm.  eleotric  cap  without  the 
necessity  for  the  addition  of  powdered  grpphite.  Up  tj  7*8  per  cent  of  colloidil 
graphite  has  been  incorporated  but  attempts  to  increase  the  incorporation  beyond 
this  amount  have  oaused  segregation  of  the  graphite  flocculi  in  the  wet  state. 

R.D.  1303  takes  up  about  3  per  cent,  of  the  colloidal  graphite  as ‘a  t/artiul 
coating,  graphite  in  excess  of  this,  up  to  7*8  per  oent.  forming  conglomerates 
of  graphite  containing  crystals  of  R.D. 1303.  In  the  20  am.  cap  test,  R.D. 1303 
incorporated  with  7*4  per  cent  colloidal  graphite  fires  within  the  specified 
voltage  ran&e  but  the  firing  resistance  is  extremely  high. 

By  the  use  of  colloidal  graphite  dispersed  in  carbon  tetrachloride  or 
acetone,  up  to  13.6  per  oent.  graphite  has  been  incorporated  satisfactorily  with 
R.D.  1303.  The  graphite  dispersed  in  carbon  tetrachloride  affords  a  articular ly 
simple  process  but  the  products  are  unsatisfactory  itt^the  20  mm.  electric  cap. 

At  this  stage  in  the  investigation  it  became  evident  that  the  incorporation 
of  colloidal  graphite  would  not  give  a  satisfactory  cap  composition  and  attention 
was  turned  to  the  wet  incorporation  of  powdered  graphite  with  R.D. 1303.  By 
replacing  the  aqueous  colloidal  graphite,  as  used  in  the  gruiAiiting  process, 
by  a  suspension  of  powdereu  graphite  in  water  and  increasing  the  quantity  of 
gelatin  subsequently  added,  products  have  been  obtained  which  fire  satisfactorily 
in  the  20  mm.  oap  test.  A  minimum  of  0.6  per  cent,  gelatin  is  found  to  be 
neoessary  to  effect  the  attachment  of  10-12  pur  cent,  powdered  graphite  to  the 
R.D. 1303,  the  addition  of  insufficient  gelatin  causing  segregation  and  removal  of 
the  graphite  during  the  washing  processes. 

An  important  feature  of  the  wet  mixed  products  containing  12  per  cent, 
graphite  is  that  the  values  _if  specific  resistance  are  low  indicating  a  low 
static  risk  whereas  the  dry  mixed  material  gives  a  specifio  resistance  figure 
associated  with  a  high  static  risk.  It  is  of  interest  to  note  that  a  reduction 
in  the  graphite  content  of  the  wot  rmixeu  .material  to  9*2  per  cent,  gives  a 
product  of  high  specific  resistance. 
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Further  in  vest  libation  has  esfcnb.l  ishe^  that  a  combination  of  the  gra^hiting 
prooess  using  colloidal  ^aphite  and  the  v;et  fixing  process  va.ll  give  a  more 
easily  ooessin^  type  of  product,  with  a  lor  static  risk  vhich  is  independent 
of  the  aaount  of  puvdered  graphite  added..  The  process  has  been  extended  in 
the  laboratory  to  the  5  oz.  scale  and  the  product,  containing  a  total  of 
12.1  per  cent  graphite,  fires  within  the  specified  limits  for  the  20  ma. 
car.  test. 


Four  types  of  composition  which  have  fired  satisfactorily  in  the  2j  .in. 
cap  test  can  be  listed 


1 - i 

Type 

!  i 

Oescripti  n  of 
compositi  on 

Method  of 
preparation 

Sp.Res. 
oho  x  , 

10^/oJ 

Detonations 

in 

Megger  test 

1 

I 

R.D.  1303  +  12.5. j  powdered 

1 

Dry  mixing 

,>10,000 

Detonated 

graphite. 

!  I 

II 

»*  it  ft  1!  tt 

Wet  , oixing 

19 

No  detonation 

III 

R.D.  1303  +  2.5  0  colloidal 

Vet  0  0.  J- 

2.8 

No  detonation 

graphite  +  10  *  powdered 

bination 

1 

graphite . 

Process 

| 

IV 

Graphited  R.D.  1303  (2.9,0 

Dry  aixing 

0.43 

No  detjnation 

colloidal  graphite)  +8.8 

pur  cent  powdered  graphite 

1 

i 

1 

* 

/ 


Composition  I  is  sensitive  to  static  discharges  and  detonates  easily 
in  the  loose  state,  composition  II  is  a  "non  static"  comp  sition,  and  the 
material  has  a  similar  appearance  to  Composition  I  under  the  microscope;  i.e.  an 
intimate  mixture  of  R.D.  1 303  and  graphite  particles.  Compositions  III  and  IV 
are  both  virtually  insensitive  to  static  charges  in  the  loose  state  ind  under 
the  microscope  show  that  the  crystals  of  R.D.  1303  are  partially  coated  with 
graphite  particles. 

Of  the  f^ur  compositions  listeu  above  the  j os t  satisfactory  tyx-e  jf  product 
from  the  manufacturing  point  of  vie\  would  be  Composition  III.  The  dry  ^lixing 
of  graphited  R.D.  1303  and  powdered  graphite  (Composition  IV)  would  offer  no 
difficulties,  but  the  ..axing  process  would  be  limited  to  8  oz.  batches  v.dth 
existing  type  of  equipment. 

Aluminium  powder  has  als^  been  incorporated  by  a  wet  method  with  R.D.  1303 
and  non-segregating  products  containing  up  to  20  per  cent,  aluminiuw  have  been 
prepared.  Aluminium  powder  with  i  surface  area  greater  than  950  cm  /g . 
incorporates  satisfactorily  with  R.D. 1303;  powders  o f  lower  specific  surface 
area  sho^  segregation  in  the  wet  state;  while  powders  with  surface  areas  about 
b,200  cm  /g.  have  been  found  to  be  reactive  in  c  ntact  with  water  and  usually 
have  a  high  oxide  content.  In  spite  of  the  low  specific  resistance  of  some 
samples  of  aluminium  incorporated,  it  has  not  been  possible  to  obtain  a 
conducting  exposition  by  the  use  of  aluminium.  The  method  of  incorporating 
aluminium  powder  might  find  some  practical  applicati  n  in  such  mixtures  as 
etc.  where  the  aluminium  powder  is  mixed  in  the  dry  state. 

As  an  extension  of  the  wet  processing  for  mixtures  with  lead  styphnate, 
aluminium  stearate  has  been  incorporated  v;ith  R.D.  1303  to  give  compositions  in  a 
variety  of  physical  forms. 


m 
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Discussion 


The  'iiechanis.j  of  the  colloidal  gra^hiting  process  .nay  be  considered  to 
odcur  thus  -  the  addition  of  a  colloidal  graphite  dispersion  to  a  suspension  of 
lead  styphnate  in  water  causes  the  partial  flooculation  of  the  graphite  by 
the  usual  effect  of  an  electrolyte  (in  this  instance  saturated  lead  styphnate 
solution)  on  a  hydrophobic  colloid;  the  flocculi  still  retain  a  anall  residual 
positive  charge  and  the  flocculation  rate  is  slow.  this  stage  the  flocculi 

do  not  become  attached  to  the  crystals  of  lead  styphnate,  but  would  eventually 
separate  out  to  for*u  a  separate  layer.  The  subsequent  addition  of  gelatin, 
exerts  a  sensitizing  action  and  causes  rapid  flocculation  of  the  graphite  ,  at 
the  same  ti  ie  the  gelatin  is  adsorbed  on  the  crystals  of  styphnate.  On  adsorptio 
the  gelatin  micellae  beoome  orientated  so  that  a  negatively  charged  group 
projects  into  the  dispersing  liquid.  The  graphite  flocculi,  whioh  still 
carry  a  small  residual  positive  charge  attaoh  themselves  to  the  polar  negative 
end  group  of  the  gelatin  micellae,  thus  becoming  anchored  to  the  lead  styphnate 
crystals  by  bridges  of  gelatin. 

The  amino  acids  behave  in  the  same  v;ay  as  gelatin  but  only  if  an  alkali 
is  added;  this  .iay  be  accounted  for  by  the  fact  that  the  auino  acids  to  a 
limited  extent  resemble  gelatin  in  regard  to  their  sensitising  and  adsorption 
effects.  The  sensitizing  and  protective  effects  of  gelatin  however  are 
probably  greater  than  those  of  the  amino  acids  and  it  is  necessary  to  increase 
the  concentration  of  the  electrolyte  by  the  addition  of  ammonia  or  other  alkali 
before  the  flocculating  value  of  the  sensitizer  is  reached,  also  in  the  presence 
of  alkali  the  amino  acids  from  micellae  and  the  adsorptive  power  of  the 
.aaterial  is  enhanced. 

The  electrical  characteristics  of  the  deposition  or  incorporation  of  either 
colloidal  or  powdered  graphite  and  lead  styphnate,  depends  on  a  number  uf  factors, 
the  main  principle  being  the  provision  of  a  suitable  number  of  graphite  contacts 
to  allow  the  free  leakage  of  electrostatic  charges.  The  results  of  the 
speoifio  resistance  measurements  can  be  considered  as  a  quantitative  assessment 
of  the  folloving  factors. 

1.  Lea^  styphnate  surface  area  and  crystal  habit. 

2.  Graphite  partiole  size  and  shape. 

3-  Distribution  of  graphite  on  the  crystal  faces  or  as  a  mixture. 

4.  Surface  treat nent  effects  due  to  adsorption  of  hydrophilic  colloids 
used  as  protective  colloids  for  a  graphite  dispersion,  or  gelatin  used 
to  prjcure  adsorption. 

5.  Surface  condition  of  the  untreated  lead  styphnate ? 

The  failure  of  aluminized  lead  styphnate  to  give  a  omnium  :ing  o-up^sit i jn 
may  be  due  in  part  to  the  reactivity  of  aluminium  with  v;atex  to  form  a  non¬ 
conducting  film  of  jxide . 

Further  developments 

(a)  Preliminary  trials  have  been  started  with  the  object  of  applying  the  laboratory 
processes  on  a  technical  scale  to  include  tta  manufacture  of  the  following  ty^es 
of  lead  styphnate  compositions  : - 

(1)  it  general  purpose,  non-static,  dust-free  lead  styphnate.  From 

considerations  apparent  in  the  results  already  obtained  this  would 
broadly  consist  of  the  R.D.1302,  R.D.1303  product  treated  with 
2  per  cent  colloidal  graphite  by  the  gelatin  method. 

R.D#1303  in  non-static  form  as  an  electric  cap  composition  ingredient. 
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(2) 


“N 
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(3)  A  complete  non-static  eleotrio  cap  composition  by  combination 
process  of  treatment  of  R.D.1303  with  both  colloidal  and 
powdered  graphite. 

(4)  Non-static  treatment  of  lead  styphnate  generally  (including  service 
or  commercially  supplied  forms). 

(b)  It  is  considered  that  the  results  obtained  justify  a  more  detailed  study 
of  the  mechanism  and  application  of  attachment  of  sols  and  suspensions  to 
crystal  surfaces  on  the  general  basis  of  arystal-suspension-bridging  substance. 
This  should  include  dete'rmi nation  of  electric  charge  on  the  various  surfaces 
involved  together  with  measurement  of  particle  sizes  starting  with  the  substances 
already  investigated  but  covering  a  wider  range  of  conditions.  For  example 
although  this  report  includes  data  for  both  colloidal  and  powdered  graphite 
there  is  a  further  range  available  in  the  so-called  oolloidal  carbon  clacks, 

The  function  of  the  gelatin  or  auino  acids  as  bridging  substances  or  sensitisers 
could  be  further  investigated  possibly  in  conjunction  with  the  preparation  and 
deposition  of  lyophobic  sols  of  known  characteristics. 

Extension  of  the  methods  to  other  substances  has  already  shown  proviise 
and  justifies  further  study.  For  example  non-segregating  mixtures  of  graphite/ 
lead  azide  and  lead  dinitroresorcinat e/lead  azide  have  been  prepared.  It  has 
been  found  however  that  some  substances  will  not  respond  to  tnose  precipitation 
methods  indicating  that  at  present  no  simple  classification  could  be  proposed. 

Appendices 

I.  The  preparation  <hf  a  lead  styphnate  composition  with  a  low  static  risk. 

II.  Incorporation  of  high  proportions  of  colloidal  graphite  with  lead 
styphnate  (R.D.1303). 

III.  Graphiting  of  R.D. 1302  and  other  varieties  of  lead  styphnate. 

IV.  Graphite  wet  mixing  processes. 

V.  The  wet  incorporation  of  aluminium  powder  and  aluminium  stearate 
with  R.D. 1303. 

VI.  Method  for  the  determination  of  the  specific  resistance  of  initiatory 
.materials . 


Illustrations 


Fig.1.  G  ~3 .  Graphited  R.D.1303,  gelatin  and  3*7  per  cent,  colloidal 

graphite . 

Fig. 2.  CG , 9<  120  grm.  batch  graphited  R.D.1303,  1.8  per  cent,  colloidal 

graphite  and  0.2  per  cent  gelatin. 

Fig. 3  0G19.  Enlarged  crystal  of  Graphited R.D.  1303  showdng  partial 

coating  of  R,  M303* 

Fig. 4  Graphited  Reid  1303  mixed  v/ith  powdered  graphite. 

Fig. 5.  Untreated  R,D.  1303  (S.23) 

Fig. 6  Untreated  R.D.  1303  mixed  with  powdered  graphite. 

Fig. 7.  Relation  between  graphite  content  and  specific  resistance  for 
three  types  of  lead  styphnate. 

Fig. 8.  Flocculated  graphite  and  R.D. 1303  before  the  addition  of  gelatin. 

Fig. 9  CG9  graphited  R.D.  1303  containing  6.24  per  cent,  colloidal  graphite 
(2%  gelatin) . 

Fig.  10  CG8  g-_phited  R.D.  1303  containing  4.5  per  cent,  colloidal  graphite 
(l,4  gelatin)  . 

Fig. 11  CG1 1  graphited  of  R.D.  1303  using  colloidal  graphite  dispersed  in 
acetone  (7*36  per  cent,  graphite). 

Fig. 12  CG13.  Graphited  R.D. 1303  using  colloidal  graphite  dispersed  in 

CClj,  (7.653  c). 


6 . 


- 


CGI  5-  Graphited  R.D. 1303  using  colloidal  graphite  dispersed  in 
CC1.  (12.6,1  C). 

CG3o.  Gra^hited  R.D.1302 

CG6l .  Graphited  Service  Styphnate 

B  &  C.  Article  size  distribution  graphs. 

CG97*  Tabular  type  lead  styphnate  of  lov;  specific  surface  area 
CGI 02.  Equant  type  lead  styphnate 

CG34.  Set  incorporation  of  1 2 *  5  per  cent  powdered  graphite* 
(0.6,3  gelatin) 

CG60.  Combination  process  (l30  gza.  scale) 

a S.2.  10 .  j  incorporation  of  fine  aluminium  pov/der 

AS. 3*  Incorporation  of  coarse  aluminium  powder 

iiS.4*-  Incorporation  of  intermediate  size  aluminium  powder 

D.S.12  Incorporation  of  10/j  aluminium  stearate 

D. 3.8  Incorporation  of  10, 3  aluminium  stearate  usin&  a  solution 

of  stearic  acid  in  alcohol. 

Apparatus  used  for  specific  resistance  tests. 


4t 


y-t  - 


Pig. 13 

Pig.  14 
Fig. 15 
Fig.1 6 
Fig. 17 
Pig. 18 
Pig. 19 

Pig. 20 
Pig. 21 
Pig. 22 
Pig. 23 
Pig. 24 
Pig. 25 


Pig. 26 


7. 


1 


rJrtENDIX  I 


Preparation  of  a  Lead  Styphnate  Composition 

v/ith  a  low  Elect rostati o  risk 


The  investigation  detailed  below  was  undertaken  in  conjunction  v/ith  the 
development  of  a  dust  less,  -small  partiole  size  lead  styphnate  which  was 
eventually  developed  as  R.D.1303  (R. D. Explosives  Report  28l/45) *  During  the 
early  work  on  graphiting,  experimental  batches  of  lead  styphnate  were  used,  but 
trial  /methods  have  been  worked  out  using  the  standard  type  of  R.  3,1303* 
prepared  on  the  /manufacturing  scale. 

Preliminary  investigations  showed  that  on  adding  a.  suspension  of  colloidal 
graphite  to  a  suspension  of  R.D.1303,  the  colloidal  graphite  was  flocculated 
v/ith  subsequent  segregation;  the  graphite  could  be  removed  aLmost  completely 
by  washing.  Pram  preliminary  qualitative  experiments  it  was  found  that  if 
gelatin  was  added  to  the  mixture,  the  flooculated  graphite  became  attached  to 
the  lead  styphnate  and  could  not  be  removed  by  vigorous  water  washings. 

■Experimental 


a  selection  of  the  experimental  work  is  tabulated  in  Table  I  where  the 
^  general  procedure  is  detailed;  a  final  laboratory  method  being  given  later 
in  this  Appendix. 

*  The  lead  styphnate  in  C.G.2.  and  3  v/as  weighed  out  dry,  but  it  was  found 
that  the  wetting  of  the  material  without  the  use  of  a  wetting  agent  was  difficult, 
in  subsequent  batches  therefore  the  lead  styphnate  was  used  in  the  wet  condition 
as  obtained  from  preparations  before  the  drying  operations.  When  using  a 

new  batch  of  lead  styphnate  it  was  found  convenient  to  dry  a  known  volume  of 
the  wet  styphnate,  weigh,  and  so  determine  the  ratio  of  wet  volume  tu  dry 
weight.  By  this  p/rocedure,  the  hazard  of  handling  dry  lead  styphnate  was 
avoided  and  facilitated  the  safe  production  in  the  laboratory  of  up  to  6  oz.  of 
graphited  lead  styphnate. 

Consideraule  variations  in  dilution  and  turbulence  were  shown  to  have 
little  effect  on  the  final  product.  The  ratio  of  water  to  lead  styphnate 
was  varied  from  1.23  :1  to  5*5:1  .  The  latter  water:  lean  styphnate  ratio  v/as 
used  in  order  to  make  the  procedure  adopted  in  Expt  .C.G.19/2  comparable  with 
the  dilution  required  for  a  proposed  factory  scale  graphiting. 

In  C.G.2,  after  the  addition  of  approximately  2.  graphite  (calc,  on  the 
X  ~  lead  styphnate)  there  appeared  to  be  an  equal  distribution  of  graphite  between 
the  mother  liquor  and  the  lead  styphnate,  the  graphite  appeared  to  have 
flocculated  to  some  extent  and  on  allowing  to  settle,  a  ring  of  graphite  was 

*  seen  as  a  top  layer.  Y<hen  the  mixture  v/as  stirred  and  the  gelatin  solution  added, 
the  mixture  settled  rapidly,  giving  a  clear  mother  liquor.  Subsequent  water 
washing  of  the  product  showed  that  no  graphite  v/as  removed;  there  v/as  same 
difficulty  however  in  processing,  probably  due  to  the  state  of  aggregation 

caused  by  the  use  of  a  large  excess  of  gelatin. 

The  addition  of  6 \  colloidal  graphite  followed  by  1,j  gelatin  solution  as 
in  C.G.3 •  showed  that  a  large  portion  of  the  graphite  was  not  attached  to 
the  lead  styphnate,  which,  after  ’processing  with  vigorous  water  washes, 
contained  3*76.j  graphite.  The  specific  resistance  _,f  the  final  material 
showed  a  great  reduction  compared  with  that  of  the  original  styphnate. 
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There  was  some  difficulty  in  processing  the  early  batches  of  graphited. 

R.D.  1303,  apparently  due  to  the  aggregation  of  the  product;  a  reduction  in  the 
quantity  of  gelatin  used  overcame  the  processing  difficulty.  The  inc orporati on 
of  1  .9  >  graphite  was  readily  achieved,  by  the  use  of  only  J.2  gelatin, 
calculated  on  the  lead  styphnate  (C.G. 1 6)  and  the  remarkably  good  processing 
and  low  specific  resistance  of  the  product  showeu.  that  the  gelatin  added 
should  be  as  low  as  possible. 

In  C.G.  17  the  gelatin  solution  was  added  to  the  lead  styphnate  suspension 
before  the  addition  of  the  colloidal  graphite;  this  procedure  appeared  to 
retard  the  flocculation  of  the  graphite,  resulting  in  a  mother  liquor  which 
contained  a  large  proportion  of  graphite  and  on  washing  the  product  all  tfte 
graphite  could  be  removes. 

For  the  incorporation  uf  3.  >  graphite  oy  the  procedure  uf  C.G.16  it  was 
fnmnd  that  the  subsequent  addition  of  0.2  j  gelatin  was  insufficient  for  the 
complete  incorporati jn  of  the  graphite;  it  was  necessary  to  increase  the 
gelatin  to  0.3  *  to  give  a  non-segregating  product  (C.G.l8). 

ix  reduction  in  the  graphite  oontent  uf  the  graphiteu  lead  styphnate  to 
1.6  per  cent.  (C.G.20)  gave  a  product  which  processed  well  but  had  an 
extre-.ely  high  Specix’ic  resistance. 

From  the  experimental  work  it  appeared  that  3  <  graphite  could  be 
incorporated  on  the  R.D.  1303  (i.e.  specific  surface  area  712  c.a'g/g)  tj  ,pive 
a  material  in  vhich  all  the  graphite  was  used  as  a  partial  coating  jci  the 
R.D.  1303  crystals,  if  however,  the  quantity  of  graphite  added  was  increased 
much  beyond  the  3  the  excess  graphite  became  aggregated  intu  large  masses  in 
which  seme  crystals  of  lead  styphnate  were  included.  The  aggregating  effect 
can  be  seen  in  Fig. I. 

A  review  of  the  10  and  20  grim,  batches  has  shown  that  the  procedure 
adopted  in  G.G.  16  would  serve  as  a  basis  fjr  increased  soale  experiments; 

C.G.19  prepared  on  the  5  oz.  scale  reproduce^  the  product  of  C.G.l6-and 
provided  suitable  material  for  electrification  tests,  firing  tests  etc. 

The  test  described  later  indicated  that  the  product  from  C.G.19  had  a 
low  electrostatic  risk  in  the  loose  state. 

In  view  huwever  of  the  relation  between  the  graphite  cuntent  and  the 
specific  resistance  (see  fi0<7)  it  was  considered  that  the  graphite  content 
of  C.G.19  was  too  near  the  minimum  graphite  value,  as  a  rapid  increase  of 
specific  resistance  of  the  graphited  R.D. 1303  was  shmvn  as  the  graphite 
value  decreased  from  18  per  oent.  to  1.6  per  cent.  tentative  low  limit 
on  the  graphite u  R. mo.  1303  was  therefore  proposed  as  2  per  cent. 

Batch  C.G.  19/2  was  prepared  in  the  laboratory  on  the  6  oz.  soale  at  a 
dilution  comparable  with  that  which  would  oe  used  for  the  graphitin^  of  a 
15  lb.  batch  of  R.D. 1303  using  available  plant. 

6  oz.  Scale 

Experimental  Details  for  the  Graph! ting  of  R.D.  1303,  Incorporating  2,5  > 


Graphite 

Quantities 

Conditions 

R.D. 1303  Lot  S.23  (160  g.  dry 

wt. ) 

112  mis. 

Temp . 

20-22°C. 

v.ater 

890  " 

Time  of  gelatin 
addition 

3  miins. 

Diluted  liquadag  3*6  per  cent. 

C(ii/V) 

112  " 

Stirring  (extra) 

5  " 

Gelatin  1  per  cent,  soltn. 

50  " 

Settling  time 

5  " 
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A^aratus 

31  squat  beaker;  V  S.S.  paddle;  stirring  speed  200  r.p.a.  (no  baffle 
used) . 

Procedure 

The  vuluae  of  v;et  lead  styphnate  was  transferred  to  the  beaker  and 
stirred  with  the  required  volurje  of  water,  the  diluted  Aquaaag  was  added 
followed  by  the  gelatin  solution.  After  allowing  to  stir  for  a  further  5  .ains. 
the  fixture  was  allowed  to  settle  and  the  clear  mother  liquor  deoanted.  The 
produot  was  washed  twice  with  water,  onoe  with  aloohol,  and  dried  by  drawing  a 
current  of  air  thruuji  it  in  a  manner  similar  to  that  used  fur  the  drying  of 
Service  Azide.  After  drying  the  product  was  finally  sieved  through  100  uesh 
sieve. 

Pr oduot 


* 

t 
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The  final  product  consisted  of  a  dark  brown,  free  flowing  material. 
Microscopic  exa.iinati  n  showed  practically  nj  increase  in  the  state  of 
aggre^atijn  compared  with  the  initial  material  S.23  (c.f.  figs*  2  and  5)  • 

The  individual  crystals  were  partially  coated  with  graphite  and  portions  of 
the  free  crystal  surfaces  cjuld  be  seen  (fig. 3). 

Grax^hite  content  2.56  per  cent. 

Sx>ecific  Resistance  2,5  x  1  (A/ohms/ c.:P 

Notes  on  the  xr^cess 

On  addition  of  the  a  qua  dag  to  the  lead  styphnate  suspension  the  fixture 
became  almost  black;  after  addition  of  the  gelatin  Solution,  the  mixture 
assumed  a  deep  brown  colour  as  the  graphite  became  attached  to  the  lead  styphnate 
crystals.  Fig. 8  shows  the  flocculated  graphite  before  the  addition  of  gelatin 
solution. 

Generally  the  quantity  of  graphite  incorporated  depended  ^n  the  crystal 
size  and  the  amount  of  gelatin  added.  an  insufficiency  of  gelatin  v/as  indicated 
by  a  dark  coloured  and  slow  settling  mother  liquor,  while  an  excess  of  gelatin 
would  cause  caking  on  drying  v/hich  causes  difficulty  during  sieving  o^eratiens. 
Segregation  was  easily  noticed  if  the  fixture  was  given  a  swirling  motion  when 
any  tendency  to  segregation  would  be  affirmed  by  a  black  rin_  of  graphite 
appearing  as  an  u^per  layer. 

Electrificati on  Properties 

Complete  electrification  tests  were  carried  out  by  S.E.R.  (Swansea)  on  the 
batch  C.G.19  (1.8  graphite)  which  rex/resented  a  graphited  lead  styphnate  with  a 
graphite  content  near  the  minimum  value,  comparable  with  a  J.ov:  specific 
resistance.  Preliminary  tests  on  the  batch  C.G.19/2  (2.56  >)  shoved  the 
material  to  be  even  less  ..rone  to  electrostatic  risk  than  that  for  C.G.19 
reported  below  (Ref  .X. 30/2/2) . 

Pouring  Test 

15  grms  material  poured  from  an  earthed  tray  to  an  insulated  aluminium 
catchpot  from  a  height  of  7fl  (R.H.  40  per  cent). 

Service  lead  styphnate  -3  <-.s.u./g. 

Graphited  R.D. 1303  (C.G.19)  +  0.03  ^.s.u./g. 
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Sieviry,  Test 

Material  sieved  through  an  earthed  85  .jesh  sieve  and  oollected  in  an 
insulated  catchpot  (R.H.  40  per  oent.) 

Servioe  Lead  Sty^hnate  charge  cevel.  -20-  e.s.u./g. 

Graphite!  R.D.  1303  C.G. 19  "  -6  " 

These  results  on  pouring  and  sieving  therefore  shoved  that  this  type  of 
product  had  low  self-electrification  properties. 

Spark  Ignition  of  loose  ixiterial 

Loose  heaps  of  the  .oaterial  were  subjected  to  electric  spark  discharges 
of  known  energy. 

Service  Lead  Styidinnte:-  55  ignitions  s^ark  energy  110  ergs. 

50 '  "  "  "  390  " 

Graphite!  R.D. 1303  (C.G. 19)  0  "  "  "  6,200  " 

Rith  higher  voltages  (j>  1 ,5007)  the  material 
was  blown  away.  35  -  partial  ignitions  wit h 
spartc  energy  of  55 ,000  ergs. 


Spark  ignition  of  pressed  pellets 

Y/hen  pressed  at  20,000  lb. /sq.  inch  30,  j  ignitions  occurred  at  spark  energies 
as  low  as  17  ergs.  No  direct  oouparisons  are  available  with  Service  Lead 
Styphnate ,  out  the  iaechaninaliy  oixed  20  .nio.  cap  composition  under  similar 
conditions  of  test  gave  10 1  ignitions  at  a  spark  energy  of  7  ergs. 

Use  in  20  uo.  Electric  Caj 

> 

Batches  of  C.G. 19  and  C.G.  19/2  have  been  found  satisfaotjry  f  jt  use  in  the 
20  mm.  electric  cap  composition  v;hen  mixed  with  powdered  graphite  to  give  a  total 
graphite  content  of  approximately  12  per  cent. 

Mechanical  Dry  Mixing  of  Graphited  R.D.13Q3  with  powdered  Graphite 

An  80  grm  mix  was  »oade  using  dry  C.G.  19/2  and  powdered  graphite  (^ches^ns 
35) )  the  final  graphite  content  being  10.77  per  cent  (calculated  graphite  10.8 
per  o^nt).  The  product  fig. A  flowed  extremely  well  with  no  adhesion  to  the 
sides  of  the  jelly  mould  mixer.  No  segregation  of  graphite  was  observed  in  the 
product  even  after  such  drastic  treatment  as  tapping  the  sides  of  a  long 
vertical  cylinder  containing  the  material. 

Specific  Resistance 

4 

The  specific  resistance  of  the  loose  material  is  extremely  low  (0.43  x  10 
ohms/o.;r),  indicating  a  material  capable  of  all  wing  the  very  rapid  leakage  of  electric 
charges. 

R.D.1303  mixed  in  the  same  way  with  12."  powdered  graphite  gave  a  uaterial 
with  a  high  specific  resistance  (>10,000  x  10^  ohns/cur)  i.e.  similar  to  the 
untreated  R.  D.  1303. 
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Ignition 

Preliminary  tests  showed  that  it  v;as  difficult  t  *  ignite  the  C.G.  19/2  mix 
by  electric  discharge  and  other  electrification  prox^erties  were  similar  to  thjse 
of  C.G* 19  (Q.V.)  i.e.  ru  ignitions  up  to  6,000  ergs. 

The  pressed  pellet  of  C.G.  19/2  and  graphite  .mix  as  used  in  the  20  mm. 
electric  cap;  test  gave  a  satisfactory  firing  voltage  ^f  10.5  volts  and  a  firing 
resistance  of  5*5  ohms. 

Gelatin  Substitutes  for  use  in  Graphiting  R.D.1303 

although  gelatin  has  been  investigated  in  some  detail  for  the  graphiting 
of  R?D,  1303;  the  suitability  of  other  materials  to  replaoe  gelatin  has  also  been 
studied. 


The  following  substances  were  tried  as  possible  replacements  of  gelatin: - 

fl)  Mechyl  cellulose  (2)  Sodium  carboxy -methyl  cellulose  (3)  albumin 
(4)  Casein  (5)  Gum  arable  (6)  Representatives  of  the  classes  of  amino  acids 
which  have  been  obtained  from  the  hydrolysate  of  gelatin  (7)  amino  benzoic 
acids  (6)  amino  phenols. 

The  substances  (l)  to  (5)  above  were  added  as  1  per  cent,  solution,  as  in 
the  normal  x^rocemare  using  gelatin.  In  each  case  up  to  1;  of  the  colloid  was 
used  and  in  each  case  the  graphite  segregated  almost  completely  so  that  un 
washing  all  the  graphite  could  be  removed  from  the  products. 

Gelatir.  has  a  complicated,  structure  of  peptide  linked  amino  acids  and  a 
large  number  of  amino  acids  have  been  isolated  by  the  hydrolysis  of  gelatin; 
the  selection  detailed  below  has  been  extended  to  a  broad  class  of  amino  acids 
and  included  such  xoossible  dipjolar  molecules  as  the  amino  oenz jio  acids  and  the 
amino  phenolc, 

(a)  Aliphatic  amino  acids  containing  one  amin  group  and  one  carboxylic  group 
(dl  alanine,  glycine). 

(u)  Aliphatic  amino  acids  containing  one  amino  group  and  two  carboxylic 
groux^s  (Glutamic  acid). 

(c)  Heterocyclic  compounds  where  the  nitrogen  for. ms  part  of  bhe  ring  and 
the  carboxylic  acid  group  is  in  the  ^  position  (l-proline  ) . 

(d)  Amino  acids  containing  a  benzene  ring  and  the  carboxylic  acic.  group  in 
the  0,  p  or  m  position. 

(e)  Amino  phenols  eg  0,  ill  and  p  amino  phenols. 

The  general  experimental  work  and  results  are  detailed  in  Tuule  II, 

The  additijn  of  ammonia  became  a  modification  of  the  jri^inal  proce-ure  as 
it  was  found  that  the  amino  acids  alone  would  not  cause  the  desired  attachment 
of  graphite  to  the  lead  styphnate  crystals  and  it  was  therefore  neoess  iry  to 
add  ammonia  beyond  a  certain  minimum  quantity.  The  quantity  of  ammonia  accessory 
was  more  than  that  required  to  neutralise  the  acid  groups  in  the  amino  acid. 
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It  will  be  noticed  fro.ii  Table  II  that  the  isoelectric  points  _>f  the  amino 
aoids  vary  considerably  v;hile  the  pH  of  the  final  mother  liquors  of  the 
satisfactory  batches  has  very  little  variation  i.e.  pH  5.5  *  5*8.  The  strong 
buffering  action  of  the  liquor  will  be  more  evident  when  it  is  considered  that 
the  quantity  of  ammonia, as  used  in  the  experiments,  when  added  to  the  amino 
acid  solution  gave  a  pH  of  10.06  -  10.34  for  the  various  aoids  used.  In 
addition  diluted  aquadag  (3.35  >  graphite)  had  a  pH  of  9*71  >  vhich  value 
showed  little  change  on  dilution  with  water. 

m,s  a  variation  of  the  process  the  desired  quantity  of  ammonia  was  added 
directly  to  the  amino  acid  solution  (as  in  C.G.88  and  108),  but  as  the  addition 
of  an  excess  of  ammonia  is  undesirable  due  to  its  action  on  the  lead  styphnate, 
it  was  found  preferable  to  add  the  ammonia  finally  so  that  the  quantity  could 
be  controlled  by  inspection. 

In  each  of  the  experiments  using  the  "protein1*  amino  acids  the  final 
products  gave  satisfactory  processing  and  low  values  f^r  the  specific 
resistances  (Table  II). 

The  solubilities  of  the  amino  benzoic  aoids  in  water  is  small,  and  in 
order  to  obtain  solutions  up  to  1,j  it  was  necessary  to  add  ammonia.  In  C.G.88 
the  solution  of  anthranilic  acid  was  effected  by  addin-,  the  theoretical  quantity 
of  ammonia  to  form  the  ammonium  salt,  giving  a  solution  of  pH  8.00;  after  adding 
up  to  10  mis.  of  the  ammonium  anthranilate  solution,  the  flmoculated  graphite 
continued  to  segregate,  subsequent  addition  of  ammonia  however  caused  the  graphite 
to  become  attached  to  the  styphnate  orysta^s^p  give  a  product  of  low  specific 
resistance.  Solution  of  the  amino  benzoic/ was  also  effected  in  50  per  cent, 
alcohol  to  give  satisfactory  products  when  ammonia *was  added  subsequently 
(C.G.89  and  C.G.90). 

The  use  of  the  0,  m  and  p  amino  phenols  were  shown  to  be  unsat isfactory 
as  a  replacement  f^r  gelatin  or  the  amino  acids  in  the  process.  In  each  case 
the  graphite  segregated  and  could  be  washed  out  of  the  products  (C.G.116,  110,112). 

Discussion 


The  fact  that  the  addition  of  colloidal  graphite  to  the  lead  styphnate 
suspension  cuases  flocculation  of  the  graphite  particles  indicates  a 
rearrangement  of  the  electrical  charges  on  the  colloid  particles.  This 
flocculation  appears  to  be  the  usual  electrolyte  effect  with  hydrophobic  colloids, 
as  colloidal  graphite  is  flocculated  by  the  saturated  liquors  from  lead 
styphnate  in  the  absence  of  solid  lead  styphnate.  Colloidal  graphite  is 
unusual  in  that  the  particles  can  acquire  a  positive  or  ne0ative  charge 
depending  on  the  pH  of  thu  suspension,  usually /particle  is  positive  in  alkaline, 
and  negative  in  acid  media.  The  colloidal  graphite  used  in  the  above  experiments 
is  stabilised  with  ammonia  and  the  diluted  suspension  has  a  pH  of  9*7  indicating 
that  the  graphite  is  positively  charged.  hydrophobic  colloid  such  as  graphite 
begins  to  flocculate  when  the  charge  on  the  particle  falls  below  a  certain 
value  so  that  the  flocculi  will  still  retain  a  residual  charge. 

In  aqueousjmedium  the  graphite  flocculi  settle  slowly  and  do  net  attach 
themselves  to  the  lead  styphnate  crystals  unless  a  solution  of  gelatin  or  amino 
acid  salt  is  added,  then  the  flocculi  become  irreversibly  attached.  Gelatin 
is  recognized  as  one  of  the  common  protective  colloids  and  it  can  be  assumed 
that  it  is  this  "protective"  property  of  gelatin  and  the  amino  aoids  which  is 
utilized  in  this  process.  It  is  reasonable  to  assume  that  the  property  in 
common  to  the  materials  which  effect  the  attachment  of  the  graphite  flocculi 
is  that  they  are  capable  of  giving  dipolar  ions  in  solution.  In  solution  the 
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aliphatic  amino  acids  exist  almost  entirely  in  the  dipolar  form  while  the 
amino  benzoic  acid  acts  as  a  50/ j  mixture  of  the  unchanged  and  dipolar  forms, 
the  position  of  equilibrium  depending  on  the  presence  uf  acid  or  basic  groups. 

The  amino  phenols  however  show  no  evidence  of  behaving  as  dipolar  ions  and  it 
is  significant  that  they  will  not  effect  the  attachment  of  the  flocculated  graphit 
in  aqueous  medium* 

The  attachment  of  graphite  could  be  explained  by  assuming  that,  on  adding  a 
solution  of  gleatin  to  the  mixture  of  flocculated  graphite  and  lead  styphnate 
(R.D.  1303)  suspended  in  water,  the  gelatin  is  adsorbed  on  the  lead  styphnate 
crystals,  the  gelatin  molecule  is  orientated  su  that  the  chain  is  normal  to  the 
surface  of  the  crystal  and  the  end  group  of  the  chain  has  a  negatively  charged 
group.  It  is  possiole  that  the  partially  positively  charged  graphite  iLocculi 
can  now  became  attached  to  the  polar  (negative)  end  group  of  the  protective 
colloid  or  aaino  acid  salt,  thus  becoming  anchored  to  the  lead  styphnate 
crystal  by  a  bridge  of  gelatin  or  amino  acid  salt* 

It  is  of  interest  to  nobe  that  the  mechanism  appears  to  be  fairly  general 
in  as  .iuoh  as  it  has  been  possible  to  graphite  other  initiators  such  as  Service 
L.DfN.R*  and  Lead  ^zide. 

ill  though  many  experimental  facts  appear  to  bear  out  this  conception  of  the 
graphiting  process,  there  is  no  adequate  explanation  as  to  why  some  proteins 
such  as  casein  and  albumen  are  unsatisfactory  for  use  in  the  graphiting  process; 
they  have  similar  isoelectric  points,  the  adsorption  takes  ^lice  in  a  self 
buffered  medium  (pH  5*5  -  6.0)  very  near  the  isoelectric  point  of  these 
ampholytes.  Pur  most  simple  amino  acids  the  calculation  of  the  isoelectric 
points  show  that  there  is  in  fact  a  broad  zone  of  pH  values  at  which  the 
ampholyte  is  practically  isoelectric,  thus  glycine  at  pH  values  between  4*3  and 
7*7  has  a  concentration  of  positively  or  negatively  charged  ions,  less  than 
I'm  of  the  uncharged  dipolar  molecule.  The  function  of  the- aamonia  addition  is 
somewhat  obscure  since  the  final  pH  of  the  mother  liquor  is  usually  5*5  -  5*7 
but  an  explanation  is  given  in  Appendix  II  where  other  experimental  evidence 
is  offered. 

In  the  course  of  these  experiments  many  points  of  theoretical  interest 
have  arisen  which  have  not  been  investigated  practically  as  they  are  ooyond 
the  scope  of  this  present  work. 
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appendix  II 

Incorporation  of  Hi^h  Proportions  of  Colloidal 

Graphite  with  Lead  Styphnate  (R.D. 1303) 


‘  Preliminary 

Appendix  I  has  shown  that  colloidal  graphite  incorporated  in  R. 0.1 303  will 
give  a  composition  with  a  high  electrical  leakage  value  thereby  reducing 
considerably  the  electrostatic  risk.  It  was  considered  that  an  increase  in 
graphite  content  of  the  composition,  by  the  technique  adopted  in  appendix  I 
would  give  a  material  suitable  f jt  the  direct  use  s  a  20  mm.  electric  ca* 
c opposition.  ^s  indicated  previ  usly  R.D.1 303  can  take  up,  as  a  partial 
coating,  graphite  approximating  to  3  *  of  its  v/eight;  graphite  in  excess  f  this 
becomes,  aggregated  and  is  not  attached  to  the  styphnate  alth^uc,h  the  aasses  of 
graphite  include  a  certain  amount  of  lead  styphnate.  Fir;. 6  shows  the  type  ->f 
, material  which  has  been  used  for  the  20  *u.  electric  cap  and  as  will  oe  seen 
it  Consists  of  a  mixture  of  graphite  granules  (10  -  I2p)  and  crystals  of 
R.  D.1303;  on  pressing  the  graphite  granules  act  as  a  suitable  ‘!bridgel?  f^r 
eleotrioal  firing  and  it  seemed  probable  that  these  conditions  could  be 
reproduced  by  the  incorporation  of  graphite  in  excess  vf  3  by  the  graphiting 
process  utilizing  colloidal  graphite. 

The  ..lain  advantages  of  such  a  wet  process  usin*^  colloidal  graphite  are 
clearly  that  the  dry  mixing  of  the  lead  styphnate  would  be  eliminated  nd  the 
final  composition  could  offer  a  higher  standard  of  uniformity  in  both  manufacture 
and  subsequent  handling  than  a  mechanical  mixture. 

Experi  oental 

Use  of  Water  Dispersed  Colloidal  Graphite 

The  general  conditions  and  a  selection  of  the  experimental  work  is  set  out 
in  Table  III.  The  early  experimental  work  was  carrie  cut  using  a  laboratory 
batch  ^f  R.J.  1303  which  was  weighed  out  in  the  dry  state,  but  later,  bitches  wore 
^ensured  out  wet  as  detailed  in  Appendix  I. 

In  Expt.  CG4  a  fairly  concentrated  colloidal  graphite  suspension  was  used 
and  some  difficulty  was  experienced  in  measuring  the  required  volume,  in  later 
ext,eri  nents  a  more  dilute  suspension  was  used.  The  concentration  of  thu  cr  ;phite 
suspension  appeared  t^  make  little  difference  to  the  effective  graphitinc  ^f  the 
lead  styphnate. 

The  incorporation  of  6.2 A  per  cent,  ^ra^hite  (CG^-)  required  the  equiv  lent 
cf  2  1  gelatin  before  a  clear  mother  liquor  could  ue  obtained;  the  processing 
was  difficult  ^rooaoly  due  to  the  a.ggre Ration  caused  uy  an  excess  ^f  gelatin 
(fig. 9).  The  pr-duct  in  the  wet  state  was  black  and  the  possible  segregation 
of  graphite  was  difficult  to  determine.  A  repeat  -f  this  ex;/tri.*ent  (CG7) 
showed  segregati  on  of  graphite  in  the  wet  state;  indicating  that  an  excess 
of  grax-hite  was  being  used. 

The  reduction  of  graphite  to  4.5  per  cent,  required  1  per  cent,  gelatin  to 
give  a  product  which  did  not  segregate  in  the  wet  state  (CG8).  although  sooe 
difficulty  was  experienced  in  processing,  the  product  was  an  i-ipr^ve.aent, 
containing  a  jure  unifora  size  of  aggregates  (see  fig.10).  Firing  tests  were 
carried  out  on  this  material  (CG8)  and  fro, a  the  results  it  was  evident  that 
insufficient  grax^hite  had  been  incorporated  as  after  xjressin_  in  the  cap  the 
firing  resistance  and  the  firing  voltage  were  of  a  high  order,  42  ohas  .nd 
30-45  volts  resxoectively . 


Attempts  v;ere  made  to  increase  the  gr&phit  oontent  anc  improve  the  product 
by  slight  modifications  of  the  process.  Gelatin  added  to  the  lead  styphnate 
suspension  followed  by  the  addition  of  colloidal  graphite  was  unsuccessful  in 
causing  the  required  flocculation  of  the  graphite;  after  4  .minutes  stirring 
there  was  no  sign  of  flocculi  present  after  21  .minutes  graphite  flocculi  v/ere 
present  but  there  was  no  settling  of  the  .mother  liquor  and  apparently  little 
attachment  of  the  graphite  to  the  styphnate  crystals.  On  heatin0  the  .mixture  t( 
75°C.  precipitation  of  the  flocculi  occurred  and  on  allowing  to  settle,  the 
mother  liquor  cleared  rapidly  at  75°C.  cold  washes  however  gave  dark  liquors 
and  the  settling  was  poor.  A  portion  of  the  product  after  washing  with 
acetone  and  alcohol  oaked  hard  on  drying,  and  sieving  of  the  material  was 
praotically  impossible.  To  another  portion  of  the  product,  formaldehyde  was 
added  in  an  attempt  to  harden  the.  gelatin  film  out  this  procedure  was 
unsatisfactory . 

a  suspension  of  lead  styphnate  and  colloidal  graphite  containing  tannic 
acid  required  ^nly  a  small  quantity  of  gelatin  (0.5  i^r  cent.)  to  cause  rapid 
precipitation  of  the  flocculated  graphite  vhich  jeo-ue  attached  t^  the  lead 
styphnate  crystals,  the  -material  however  was  very  bulky  in  the  wet  state,  and 
on  drying  caked  so  hard  that  sieving  was  praotically  impossible.  (See  CG12). 

The  addition  of  ammonia  to  the  lead  styphnate  -  colloidal  graphite 
suspension  to  pH  11.0,  facilitated  the  incorporation  of  approx.  7*5  per  cent 
graphite  (see  CG21  and  CG22) .  The  product  was  lighter  in  colour  than  previous 
batches,  lighter  in  colour  even  than  material  containing  appr ox.  2d  graphite 
e.g,  CGI 9*  Mi  or oscopio  examination  showed  the  material  to  contain  many  free 

lead  styphnate  crystals  which  probably  explains  the  lighter  colour. 

Attempts  at  graphiting  in  buffered  suspensions  (CG24  -  26)  were  proved  of 
little  practical  value;  it  was  apparent  that  with  citrate  ph->Sphate  buffer, 
segregation  of  graphite  occurred  at  pH  values  from  3*2  to  8.0. 

Firing  tests  on  the  products  from  CG21  and  22  ^ave  low  firing  volta0es 
i.e.  12,2  and  11.1  volts  but  the  electrical  firing  resistance  of  the  material 
was  extremely  high.  In  view  of  the  processing  difficulties  encountered  in 
the  graphiting  experiments  using  water  dispersed  colloidal  graphite,  attempts 
were  made  to  use  colloidal  graphite  dispersed  in  organic  solvents. 

Use  jf  colloidal  graphite  dispersed  in  organic  solvents 

Several  types  of  "dag”  (iichesonfs  deflocculated  graphite)  c'isperseo.  in 
organic  solvents  were  available.  Two  representative  types  have  jeen  used  in 
the  following  investigation  viz.  ”dagfl  in  acetone  and  ,!dagM  in  carbon 
tetrachloride.  The  experimental  procedure  is  detailed  in  Table  17. 

The  ,!dagn  in  acetone  was  supplied  as  18  per  cent,  colloidal  graphite 
*iade  up  fr^-i  water  dispersed  colloidal  graphite  as  used  in  iiquadag;  in  use,  the 
commercial  material  was  dilutee  to  give  a  4  per  cent  w/v  suspension  in  acetone, 
^fter  the  addition  ^f  the  acetone  "dag"  to  the  suspension  ^f  R.L.13d3  in 
50  per  cent,  acetone  (CG10)  there  was  s~me  in^JLcatijn  ^f  fl  cculati_n  although 
the  flocculi  were  small  and  did  not  settle  very  rapidly  or  become  attached 
to  the  le  .d  styphnate  crystals.  The  additi  n  of  a  small  quantity  of  gelatin 
solution  caused  a  rapid  clearing  of  the  sup^rnatent  liquor  and  there  was  no 
segregation  of  graphite  from  the  product.  The  product  containing  4  per  cent 
graphite  incorporated  in  the  no  ve  manner  showed  a  high  specific  resistance; 
uiicroscopic  examination  shewed  that  the  product  consisted  of  many  aggregates 
of  R.D.1303  together  with  masses  of  graphite  similar  to  fig. 11,  An  increase 
in  the  quantity  of  acetone  dag  adoed,  to  give  an  incorporation  of  7*36  per  cent 
graphite,  required  the  addition  of  ip  gelatin  before  the  flocculi  of  graphite 
settled  rapidly  (CGIl).  although  there  vns  no  segregation  of  graphite  from  the 
product  fibrous  material  was  present.  The  product  however  processed  sat isfaot jrilj 
and  gave  a  low  value  for  the  specific  resistance. 
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The  products  fra  a  Expts.  CG10  rind  11  were  remarkable  in  that  they  were 
brown  in  colour  similar  to  the  colour  of  product  obtained  by  the  meohanical 
dry  mixing  of  R.D.1303  and  powdered  graphite.  In  the  process  using  acetone 
dag,  the  minimum  graphite  value  appeal  to  be  much  higher  than  in  the 
incorporations  usin0  iiquadag  (of  CG19  and  CG10). 

The  firing  tests  on  CG1 1  (7*361)  showed  a  high  firing  resistance  and 
firing  voltage,  indicating  that  an  inorease  of  graphite  was  necessary. 

The  use  of  carbon  tetrachloride  "dag"  has  facilitated  the  incorporation  of 
up  to  13.6  per  cent  graphite  with  excellent  processing#  The  commercial  r,dagH 
in  carbon  tetrachloride  was  supplied  containing  10  per  cent  colloidal  graphite 
and  v.as  prepared  from  oil  dispersed  graphite  as  used  for  Oildag.  It  was 
found  that  when  the  dispersed  graphite  was  added  to  a  suspension  of  the  R.D.1303 
in  alcohol  the  graphite  became  flocculated  and  incorporated  with  the  lead 
styphnate  to  give  a  non  segregating  mixture  without  the  use  jf  gelatin.  The 
mother  liquors  were  quite  clear  and  no  graphite  was  removed  in  the  washing 
processes;  after  drying,  the  1roduct3  showed  no  signs  of  caking  and  sieving  was 
rapid.  Figs.  12  and  13  show  the  type  cf  products  obtained  which  were  light  Drown 
in  bulk,  much  lighter  in  colour .than  products  •btained  during  the  incorporation 
•f  2  per  cent,  graphite  using  Aquadag. 

It  will  be  seen  by  referenoe  to  figs.  11,  12  and  13  that  the  type  of 
material  obtained  by  incorporations  using  colloidal  graphite  dispersed  in 
organic  solvents  differs  considerably  from  those  obtained  in  the  Aquadag 
graphiting  process.  It  is  evident  that  the  coating  of  individual  crystals 
is  poor;  the  greater  part  of  the  graphite  being  incorporated  in  conglome rates 
of  graphite  in  which  some  crystals  of  R.D.1303  are  included. 

Specifio  Resistances  and  firing  tests 

As  might  be  expected  from  appendix  I  the  R.D.  1303  graphited  with  aquadag 
incorporating  more  than  3  j  graphite  gave  products  with  low  specific  resistances, 
indicating  low  static  risk  (see  Table  III).  Graphite  incorporated  from  organio 
solvents  appeared  to  be  less  effective  in  reduoing  the  static  risk  with  the 
lower  proportions  of  graphite;  however  the  products  oontaining  graphite  in 
excess  cf  7*36  per  cent  had  low;  specific  resistances. 


The  20  mm.  ca^  tests  on  the  series  of  products  are  of  interest. 
Below  is  tabulated  the  results  of  a  few  firing  tests. 


Batch 

|  | 

Graphite 
Incorporation 
Ty^e  j  >  C 

. 

ale  an 

Firing 
Resist . 

( oh,  .is) 

Firing 

voltage 

(volts) 

Graphite 
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m 
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Firing 
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( ohas ) 
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voltage 
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. 
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9.1 

1 
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12.2 
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■ 
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\ 

l 

•  CG22 
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>10^ 

11.1 
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6.4 
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dag 

7-36  j 

>1  ,000  i 
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- 
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- 

CGI  3 

Car bon - 
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chloride 

Gag 

7-65' 
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i 
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i 

• 

- 

i 

i 

! 

- 

! 

CGI  5 

„ 

13-6 

500 

1 

O  LC\ 

j ! 
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Suitable  test  firing  limits  ■were  considered  to  be  that,  2f-  grains 
pressed  at  700  lb.  should  have  a  firing  resistance  between  6  and  12  ohms, 
and  that  the  cap  should  always  fire  at  12  volts.  Frcra  the  above  table  it 
will  be  seen  that  CGI  8  with  a  relatively  low  graphite  oontent  gave  a  high 
firing  resistance  and  voltage  unless  mixed  with  powdered  graphite,  when  it 
behaved  satisfactorily  in  the  20  can,  cap.  The  low  firing  resistance  apparetly 
can  be  easily  modified  by  reducing  the  quantity  of  powdered  graphite  added. 

The  results  from  CG21  and  22  are  remarkable,  showing  a  greatly  decreased  firing 
voltage  but  an  extremely  high  and  variable  firing  resistance,  higher  even  than 
CG18  which  contained  only  2.87  per  cent  graphite.  The  addition  of  an  extra 
%  graphite  by  dry  mixing  with  aohesons  6l5  graphite  gave  satisfactory  firing 
characteristics  for  the  products.  A  comparison  of  the  firing  characteristics 
of  graphited  lead  styphnate  prepared  by  using  graphite  dispensed  in  organic 
solvents,  showed  that  incorporations  up  to  13.6  per  cent,  graphite,  have  higher 
firing  resistances  and  voltages  than  produots  containing  only  2.87  per  cent, 
graphite  incorporated  Oy  the  use  of  Aquadsg.  It  is  of  interest  to  note  that  an 
increase  of  graphite  content  from  7*65  to  13.6  per  cent  (CGI 3  and  15)  has  not 
altered  the  firing  characteristics. 

Discussion  and  conclusions 


It  has  been  confirmed  experimentally  that  using  water  dispersed  colloidal 
graphite,  R.D.1303  can  take  up  about  3,^  graphite  as  a  partial  coating;  graphite 
in  excess  of  this  beoomes  aggregated,  forming  conglomerates  of  graphite 
containing  crystals  of  R.D.1303. 

It  appears  from  the  experimental  data  that  gelatin  can  aot  both  as  a 
protective  oolloid  and  as  a  ''sensitiser"  according  to  the  mode  of  addition. 

It  has  been  shown  in  appendix  I  that  a  saturated  solution  of  lead  styphnate 
will  start  flocoulation  of  the  water  dispersed  colloidal  graphite,  but  it  has 
required  the  addition  of  gelatin  to  complete  tjje  attachment  of  the  graphite  to 
lead  styphnate.  The  incorp oration  of  larger  quantities  of  graphite  proceeds 
in  a  similar  manner  at  first  until  the  maximum  attachment  is  aohieved.  At  this 
stage,  the  continued  addition  of  gelatin  sensitises  the  excess  graphite  sol.  so 
that  the  charge  on  the  micelle  is  reduced  to  such  an  extent  that  mutual 
attachment  occurs  resulting  in  aggregation  with  subsequent  rapid  settling  of 
graphite  aggregates. 

In  Sxpt.  CG9  where  the  water  dispersed  graphite  is  added  to  a  suspension  of 
lead  styphnate  in  gelatin  solution  the  conditions  are  favourable  for  the 
protective  action  of  gelatin  to  take  effect.  The  hydrophobic  oclloid  is 
entering  into  an  excess  of  the  protecting  hydrophilic  colloid,  with  the  results 
that  the  micellae  become  less  sensitive  to  the  electrolyte,  flooculation  does 
not  occur,  nor  is  there  attachment  of  graphite  to  the  crystal  faces  of  the 
lead  styphnate. 

The  presence  of  ammonia  in  the  lead  s typhnate/graphite  suspension  appears 
to  assist  the  attachment  of  larger  proportions  of  graphite.  By  the  addition 
of  ammonia  as  in  Expts.  CG21  and  CG22,  up  to  7*8  per  cent,  graphite  has  been 
incorporated  by  the  addition  of  only  O.A  per  cent  gelatin,  whereas  normally 
at  least  2%  gelatin  is  required  (CG4)  •  The  effect  of  the  ammonia  addition 

may  link  with  mhe  effect  of  ammonia  addition  to  the  amino  acids  eto.  detailed 
in  Appendix  I.  It  is  known  that,  in  .many  respects,  the  amino  acids  behave  to 
some  extent  as  the  proteins  in  their  sensitising  and  protecting  action;  the 
sensitising  effect  of  gelatin  however,  is  proDably  greater  than  that  of  the 
amino  acids  and  it  is  thus  necessary  to  increase  the  concentration  of  the 
styphnate  ion  by  the  addition  of  ammonia  before  the  flocculating  value  of  the 
seasitizer  is  reached. 
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The  firin^  voltage  of  products  CG21  and  22  (12.2  and  11.1  volts  respect.) 
are  remarkably  low  in  comparison  with  their  firing  resistances;  it  is  probable 
that  an  increased  graphite  content  would  reduce  the  firing  resistance 
appreciably  but  the  processing  difficulties  lead  to  the  search  for  a  nore 
convenient  method  fur  the  incorporation  of  higher  proportions  of  graphite. 

The  use  of  the  colloidal  graphite  dispersed  in  organic  solvents  has 
facilitated  the  incorporation  cf  high  proportions  of  graphite;  in  particular 
incorporations  usin^  graphite  dispersed  in  carbon  tetrachloride  have  given 
products  which  process  without  difficulty. 

The  major  difference  in  the  muds  of  processing  these  tv, o  tyx,es  ^f  dispersions 
is  that,  with  acetone  dispersed  graphite  it  is  necessary  to  adu  gelatin 
solution  to  complete  flocculation  of  graphite  with  attachment  to  the  lead 
styphnate,  whereas  the  graphite  from  carbon  tetrachloride  dispersion  is 
flocculates  satisfactorily  by  alcohol.  Although  13* graphite  has  been 
incorporated  oy  the  method  used  in  CG15>  the  firin^  characteristics  are  the 
same  as  the  material  from  CGI 3  in  which  ^nly  7*65  per  cent  graphite  had  been 
incorporated  by  a  similar  method. 

The  reaarkable  difference  in  coljur  of  products  frcu  ^quadag 
incorporations  and  those  obtained  by  incorporation  from  graphite  dispersed  in 
organic  solvents  is  a  result  of  the  graphite  distribution.  Thus  products  from 
the  former  incorporations  are  almost  black,  even  when  the  graphite  content  is 
low;  it  is  apparent  from  fig. 2  that  all  the  graphite  (1.63  )  is  attached  to  the 
crystals  which  accounts  for  the  almost  black  colour  of  the  product.  Products 
obtained  by  use  of  graphite  in  organic  solvents  are  light  in  colour,  similar  to 
the  composition  obtained  by  the  mechanical  dry  mixing  process* Pi^s .  6  and  12  show 
this  similarity  is  more  apparent  under  the  microscope.  In  fig. 12  there  is 
no  coating  of  graphite  in  the  sense  of  that  shown  in  figs. 2  and  3;  the  lead 
styphnate  crystals  are  attached  to  aggregates  of  graphite.  The  difference  in 
graphite  distribution  oan  explain  the  differences  in  resistance,  thus  in  CG10 
the  graphite  content  is  4  per  cent  (acetone  dispersion)  yet  the  specific 
resistance  of  the  material  is  extremely  high  while  in  CGI  9  the  graphite  content 
is  1  .83  per  cent  (water  dispersion)  and  the  specific  resistance  comparatively 
low;.  In  the  former  product  the  surface  area  of  the  exposed  graphite  surface  is 
much  smaller  than  that  in  the  latter,  so  that  the  careen  to  carbon  contacts 
which  determines  the  electrical  resistance  in  the  loose  state  are  more  frequent 
in  the  material  containing  only  1.8  per  cent,  graphite. 

although  the  methods  of  graphite  incorporation  outlined  in  this  appendix, 
have  shown  the  possibility  of  incorporating  hi0h  proportions  of  graphite  and 
sane  interesting  facts  have  been  revealed,  the  material  containing  as  much  as 
13-6  graphite  are  not  satisfactory  for  direct  use  as  a  composition  for  the 
20  mm.  electric  cap. 
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^EPENDIX  III 


Graphiting  of  R.D. 1302  and  other  types 

of  lead  styphnate 

In  view  of  the  satisfactory  results  obtained  by  graphiting  R.D.1303  usin0 
v^iter  dispersed  colloidal  graphite  (Appendix  i),  the  general  applicati jn  of  the 
process  to  other  types  of  lead  styphnate  was  a  logical  requirement.  From  tests 
on  graphited  R.D.1303  it  was  considered  probable  that  the  incorporation  of 
approximately  2  per  cent,  graphite  with  R.D.  1302  would  overcome  the  difficulty 
of  processing  an  electro  static  sensitive  material  in  such  factory  operations 
as  drying* sieving  and  mixing. 

GraLvhitintJ  of  an  R.D.  1302  blend 

In  194-2  thirteen  10  lb,  batches  (S.1-13)  of  dustless  lead  styphnate 
had  been  manufactured  (since  designated  is  R.D.  1302  see  R.D*  explosives  report 
286/45) ,  and  as  a  bulk  of  standard  material  for  the  investigation,  a  Ig"  lb# 
olend  was  made  from  batches  S.1-12  (excluding  S.ll). 

The  storage  history  of  these  materials  comprising  the  blend  is  ^f  interest 
in  view  of  the  results  obtained,  which,  in  part  depends  on  the  surface  treatment 
of  the  lead  styphnate  crystals.  The  batches  of  lead  styphnate,  packed  in  cloth 
bags  had  been  stored  under  water  in  white  pine  and  oak  barrels. fur  appr oximately 
two  years;  subsequently  samples  v/e re  relieved  from  each  batch  and  stored  wret  in 
gutta  percha  vessels  for  about  six  months. 

xt  direct  application  of  the  process  used  for  the  graphiting  ->f  RD.1303 
showed  that  the  maximum  graphite  which  could  be  incorporated  was  in  the  region 
of  1  per  cent.  This  graphite  content  was  insufficient  to  give  a  Specific 
resistance  comparable  with  a  low  electro  static  risk.  Fig.  14  sh^v.s  that  all 
the  graphite  is  attached  to  the  styphnate  crystals,  but  it  is  evident  that 
the  graphite  distribution  is  insufficient  to  give  the  required  contact  -f 
graphite  particles  to  ensure  a  satisfactory  electrical  leakage. 

Attempts  were  made  to  increase  the  quantity  of  graphite  incorporated  by  the 
addition  of  ammonia  or  acetic  acid,  but  in  each  case,  after  a  portion  of  graphite 
had  become  attached  to  the  crystals,  the  further  addition  graphite  caused 
segregation.  ^  control  graphiting  of  R.D.1303  showed  that  the  reagents  used 
were  satisf actory ,  and  in  addition  a  check  on  the  diluted  ^quadag  showed  that 
the  state  ^f  dispersion  of  the  colloidal  graphite  had  not  changed  appreciably 
during  four  .months. 

It  was  considered  probable  that  the  surface  conditions  f  the  lead  styphnate 
crystals  was  a  critical  factor  in  the  graphiting  pr-jcess.  Although  the  blended 
material  used  in  these  experiments  had  been  stored  for  a  number  of  years  and 
there  was  some  uncertainty  regarding  the  effect  of  storage  on  the  crystal  surfaces, 
it  was  considered  advisable  to  investigate  possible  .methods  for  the  incjrgorati on 
of  sufficient  graphite  to  give  a  satisfactory  antistatic  material. 

The  addition  of  tannic  acid  solution  t  the  suspension  of  the  R.D. 1302 
blend  showed  some  increase  in  graphite  incorporation,  out  as  segregation  occurred 
when  2  per  cent,  colloidal  graphite  was  added,  the  method  was  discarded.  It  is 
of  interest  to  note  that  the  addition  of  tannic  acid  equivalent  to  0.2  A,er  cent, 
on  tie  lead  styphnate  (10  per  cent,  on  the  graphite)  gave  the  usual  flocculati  n 
of  graphite  when  the  colloidal  graphite  was  added  to  the  mixture.  On  increasing 
the  oannin  added  to  0.6  per  cent,  (equivalent  to  30  per  cent .  calculated  on  the 
graphite  added),  no  flocculation  of  the  colloidal  graphite  occurred  even  after 
25  minutes.  It  appeared  that  oy  the  addition  of  colloidal  graphite  to  the 
suspension  containing  the  equivalent  of  30  per  cent,  tannin,  the  graphite  particles 
became  protected  oy  the  excess  of  hydrophilic  colloid,  so  that  flocculation, 
by  means  f  the  electrolyte,  did  not  occur. 
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Various  proportions  of  tannic  acid,  anu  the  effect  o f  irreversible 
adsorption  v;as  tried  in  order  to  obviate  the  protective  action  of  tannin  but 
there  v:as  nj  apparent  increase  of  graphite  incorporation.  It  va^  hoped  that 
the  tannin  would  become  adsorbed  on  the  crystals  of  lead  styphnate/aot  as  a 
precipitant  for  the  gelatin  causing  attachment  of  the  graphite  flocouli; 
this  ho'wever,  did  not  happen  to  any  marked  extent. 

A  mixture  of  diluted  Aqua  dag  and  gelatin  added  to  the  R.D.  1302  suspension 
caused  flocculation  of  the  graphite  with  complete  segregation,  there  was  no 
indication  even  of  j.artial  attachment  of  graphite,  and  subsequent  addition  of 
tannic  acid  showed  no  improvement . 

Pretreat jent  of  the  R.D. 1302  blend  with  gelatin,  showed  some  improvement 
in  the  graphite  incorporation.  The  lead  styphnate  was  allowed  to  stand  twelve 
hours  in  a  0.4  per  cent,  solution  of  gelatin,  after  which  the  unadsorbed 
gelatin  v.os  removed  by  water  washes.  The  pretreated  material  was  suspended  in 
water,  diluted  Aqua&ag  and  suosequently  gelatin  solution,  added  in  the  usual 
manner.  Addition  of  2  per  cent,  colloidal  graphite  showed  some  segregation  of 
graphite,  whach  was  removed  by  vigorous  washing,  while  the  product  cjntained 
1.2  per  cent,,  colloidal  graphite,  one.  gave  a  value  for  specific  resistance  of 
50  x  IcA  ohms/cm.^.  This  value  was  very  near  that  obtained  far  CGI  9  indicating 
that  the  blend,  on  graphiting  after  pretreat, aent  with  gelatin  will  give  a 
material  having  a  low  electric  static  risk. 

Graphitin  R.D.1302  batch  SI 2  after  factory  storage 

To  verify  the  results  above  a  sample  of  one  of  the  batches  comprising  the 
blend  (oatch  3.12)  was  obtained  and  the  investigation  continued.  The  batch  S.12 
had  been  stored  under  similar  conditions  to  the  blended  material  except  that  it 
had  been  sampled  directly  from  the  10  lb.  batch  a  short  tine  before  use. 

Graphite  incorporated  satisfactorily  uy  the  normal  procedure  to  give 
products  with  low  specific  resistances  (3ee  Table  V).  a  series  of  experi  jents 
tabulated  in  Table  V,  CG63  -  CG65,  showed  the  change  in  specific  resistance 
with  graphite  content.  Experiments  reducing  the  quantity  of  gelatin  added, 
showed  thcat  for  each  quantity  of  graphite  added  there  is  a  certain  minimum 
quantity  of  gelatin  required  for  incorporation.  Thus  it  will  be  seen  from 
Table  V  that  the  minimum  quantity  of  gelatin  required  for  the  incorporation  of 
1.7  per  cent  graphite  is  0.25  per  cent  calculated  mi  the  weight  of  lead  styphnate, 
this  product  (CG67)  gave  a  very  low  value  for  specif io  resistance,  ^ n  increase 
in  gelatin  leads  to  seme  increase  in  specific  resistance  o f  the  final  product 
together  with  aggregation,  which  in  the  case  of  a  large  excess  uf  ^elatin 
would  affect  the  sieving  procedure# 

Graphitin,  of  .Service  (i.C.I.)  Lead  Styphnate 

The  general  oethod  of  gra^hiting  R. D.  1303  has  been  applied  to  the  graphiting 
of  Service  (i.C.I.)  Lead  3tythnate  and  it  has  ueen  shown  to  give  a  non-static 
product.  The  sa.iple  of  lead  styphnate  was  supplied  dry,  20  grms .  of  the  material 
were  suspended  in  50  mis  water  oy  stirring  and  14  mis  diluted  Aqua  dag  containing 
3*6  grms  colloidal  graphite  per  100  mis.  added;  the  total  volume  being  made  up  to 
100  mis.  with  water.  Gelatin  solution  (l  C)  was  added  slowly  to  the  stirred 
mixture  at  room  temperature;  after  the  addition  of  8  mis.  gelatin  solution 
there  was  signs  of  graphite  segregation  during  a  trial  settling,  the  addition 
of  a  further  2  mis  of  gelatin  solution  gave  satisfactory  incorporation  of  the 
graphite.  No  segregation  was  observec.y§ettling  or  swirling,  the  supernatant 
liquors  settled  rapidly  and  washing  by  decantation  was  rapidt.  The  product  after 
washing  twice  with  water  and  once  v/ith  alcohol  v;as  dried  at  40-50u  then  sieved 
through  a  60  .i63h  sieve. 


21. 


The  almost  black  final  product  shoaled  practically  no  a^re^ates  (see  fig*  15 
CG.  6l).  The  final  product  contained  2.4  per  cent  graphite  and  gave  low  values 
in  the  specific  resistance  test  (6.5  x  1CA  ohms/cm.-*)  indicating  a  low  static 
sensitiveness  in  the  loose  state. 

Specific  Resistance  and.  Graphiting  Efficiency 

The  graphiting  of  the  R.D.  1302  blend  has  in  the  main  shown  unusual  results, 
since  only  a  small  portion  of  graphite  has  been  incorporated  by  the  standard 
procedure,  whereas  another  sample  of  R.D.  1302  and  a  sa:jple  of  Servioe  Lead 

Styphnate  (I.C.I.)  have  graphited  satisfactorily.  By  the  pretreotment  method 

the  quantity  of  graphite  incorporated  in  the  R.D.  1302  blend  has  ueen  increased 
to  1.2  per  cent,  .  iving  a  product  with  a  specific  resistance  comparable  v/ith 
that  of  CG.19  (QV)  which  has  been  shown  to  be  practically  Mnon-stat iort .  The 

quantity  of  graphite  incorporated  hov/ever,  i3  small  and  would  appear  to  be  a 

maximuu  by  the  pretreatment  method. 

R.D. 1302  batch  S.12  has  been  graphited  satisfactorily  by  the  usual  procedure, 
behaving  as  R.D.  1303  in  resect  of  its  graphiting  efficiency.  The  results  of  a 
series  of  graphitings  have  beenplotted  in  fig. 7;  it  will  oe  seen  that  the 
incorporation  of  less  than  1 .3  per  cent  graphite  under  the  conditions  used, 
w  uld  give  a  composition  of  high  specific  resistance  and  for  material  of  this 
surface  area  i.e.  457  oq  /g,  this  graphite  content  may  be  considered  as  the 
minimum  graphite  value.  The  minimum  value  may  be  reduced  to  sane  extent  by  a 
decrease  in  the  amount  of  gelatin  added.  Thus  the  incorporation  of  1.7  per  cent 
graphite  (CG.  63)  by  the  use  of  0.35  per  cent  gelatin  gave  a  product  with 
specific  resistance  of  21.4  x  1(A  ohms/ca.^  compared  v/ith  a  value  of  5*9  x  104 
ohms/cm. when  0.25  per  cent  gelatin  v/as  used  for  the  incorporation. 

Effect  of  surface  area  and  crystal  habit  on  the  graphiting  process 

In  view  of  the  difference  in  behaviour  of  the  two  samples  of  R.D. 1302 
and  the  differences  in  the  minimum  values  for  R.D. 1302  batch  S.12  and  the 
general  values  for  graphited  R.D. 1303,  further  investigation  was  desirable 
in  order  to  determine,  if  possible,  the  cause  of  the  differences. 

A  review  of  the  physical  characteristics  of  the  materials  pointed  to  a 
differenoe  in  particle  size,  thus  the  average  diameters  far  R.D. 1302  blend, 

R.D. 1302  S.12,  and  R.D. 1303  lot  S.24  wereO.047  mm. ,  .029  mm.  and  0.028  mm. 
measured  as  xvlartin’s  diameter.  The  similarity  in  average  particle  size  of 
the  last  two  samples  might  account  for  the  similar  behaviour  on  graphiting, 
while  the  poor  graphiting  efficiency  of  the  R.D. 1332  blend  may  have  been  due  to 
the  presence  of  large  crystals  if  less  surface  active  than  tre  smaller  crystals. 

jdicrosoopio  examination  of  the  materials  quoted  above  showed  some 
difference  in  crystal  habit.  The  R.D.  1303  existed  mainly  as  tabular  type 
crystals,  the  batches  of  R.D.  1302  blend  an  batch  S.12  were  of  an  equant  haoit. 

It  was  clear  that  a  determination  of  Aortic 1  c-diaaet or  would  be 
insufficient  data  to  characterize  the  graphiting  efficiency  of  various  tyxes 
of  lead  styphnate,  since  it  was  possible  to  have  two  materials  ~>f  the  same 
iviartin’s  diameter  yet  differ  considerably  in  depth  of  crystal.  It  v/as 
considered  that  a  measurement  of  the  surface  area  of  the  material  would  ^ive 
a  better,  and  more  reliable  basis  f^r  comparison  of  graphiting  efficiency. 

Below  is  tabulated  the  chief  characteristics  of  the  three  materials 
discussed  aoove. 
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1 

i^aterial 

i 

Martin's 

dia. 

aa. 

Sp. Surface 

(cras2/g) , 

Crystal  type 

C-raphitinj 

effioienoy 

R.D.  1302  Blend 

0.047 

32.5 

E quant 

Poor 

R.D.1302  S.12 

0.029 

457 

iiquant 

Good 

R.D.1303  S.24 

0.028 

822 

Tabular 

Good 

The  surface  area  of  the  blended  material  is  small  compared  with  R. D.  1303 
S.24*  There  is  a  great  difference  shown  in  the  surface  areas  of  the  catches 
R.D.1302  S.12  and  R. D.  1 303  S.24,  yet  their  particle  sizes  are  practically  the 
same . 


The  investigation  was  continued  by  graphiting  a  series  of  newly  made 
laboratory  batches  of  lead  styphnate  of  vari aus  types  and  surface  areas.  The 
roe t hods  used  for  the  precipitation  followed  the  general  procedure  adopted  for 
the  preparation  of  R.D.  Lead  Styphnate,  i.e.  the  precipitation  of  a  basic  salt 
by  the  addition  of  lead  acetate  solution  to  a  solution  of  magnesium  styphnate 
at  75°C,  and  conversion  of  the  basic  lead  styphnate  to  the  monohydrate  of  the 
normal  salt  uy  the  addition  of  nitric  acid. 

Tables  71,  VTI,  and  VIII,  show  the  experimental  procedure  and  results  ^>f  a 
series  of  laboratory  batches  using  iuaterials  as  would  be  used  for  the  preparation 
of  R.D.1302  and  R.D.1303*  (See  a. R.D.  Explosives  Reports  No. 286/45  and  281/45)* 
The  scale  of  the  experiments  were  35  gms  and  50  gras;  the  products  of 
precipitation  while  still  wet  from  the  washings  were  divided  into  three  parts 
oy  volume,  one  portion  being  dried  and  weighed,  another  being  used  directly 
for  the  graphiting  experiments  and  the  third  portion  being  retained  wet  for 
repeat  work  if  necessary.  Each  experiment  may  be  considered  under  two  sections, 
(a)  the  precipitation  of  the  lead  styphnate,  and  (b)  the  graphiting  procedure. 

Precipitation  using  Magnesium  Styphnate  of  p.H.  4*2 

The  precipitation  procedures  for  the  series  CG.  95-*  to  CG.100.xi  (Tables  VI 
and  VIII)  may  be  divided  into  two  uairyklasses. 

(i)  Long  basic  stage  with  various  rates  of  nitric  addition. 

(ii;  Short  basic  stage  with  various  rates  of  nitric  addition. 

Mth  magnesium  styphnate  of  p.H  4.2  and  a  long  basic  stage,  the  basic 
salt  first  appeared  in  the  usual  small  yellow  opaque  aggregates,  which  changed 
through  hair  crystals  to  columnar  and  nuclei  type  with  the  complete  disappearance 
of  the  small  aggregates;  this  change  was  completed  in  19  minutes.  The  ra^id 
addition  of  nitric  acid  (CG.95)  gave  rapid  normal  salt  formation,  1  minute 
after  the  addition,  normal  salt  could  be  seen  attached  to  the  columnar  crystals, 
after  3  minutes,  there  were  very  few  columnar  crystals  remaining.  The  final 
product  was  small  (0.015  men.)  and  had  the  characteristic  appearance  of  R.D.  1303  i. 
tabular  type  with  aggregation  of  crystals.  The  particle  size  distribution 
polygon  fig. 1 6^  and  the  value  for  the  surface  area  (Table  VIII)  show  that  the 
material  is  smaller  than  the  usual  R.D.  1303.  Graphiting  of  this  product  was 
satisfactory  if  over  2.3  per  cent  graphite  was  incorporated. 
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addition  of  nitric  acid  at  a  slower  rate  (3'2~  minutes)  as  in  CG.96  shoved 
that  the  nuclei  present  in  the  basic  salt  dissolve u  first,  the  normal  salt 
subsequently  appeared  growing  from  the  columnar  crystals,  the  oolamnor  crystals 
eventually  disappeared  leaving  a  product  similar  to  CG.95  in  surfaoe  area 
particle  size,  graphiting  efficiency  etS. 

a  slov-  addition  of  nitric  acid  (22  minutes)  as  in  CG.97>  followed  the  same 
evolution  of  orystal  ford  but  at  a  much  slower  rate,  giving  a  final  product 
consisting  of  large  clear  cxystals  with  enlarged  basal  planes.  On  rolling 
the  crystals  through  90'  in  a  vertical  plane  it  was  apparent  that  they  were 
tacular  in  habit  and  contained  maqy  irregular  inclusions  and  sane  parallel 
striations  (see  fig. 17).  The  normal  graphiting  procedure  was  unsatisfactory 
with  this  material  wnich  behaved  as  the  R.D.  1302  blend,  although  the  habit  was 
tabular  and  the  surface  area  greater  than  that  of  a  typical  R.D. 1302  batch. 

1.08  per  cent  graphite  was  incorporated  by  the  addition  of  Up  to  0.57  per  cent, 
gelatin  but  this  quantity  of  graphite  was  insufficient  to  give  a  product  of 
low  electrical  resistance. 


Short  Basio  Stage  with  Various  Rates  of  Nitric  -acid  Addition 

Using  the  same  magnesium  styphnate  as  above,  nitric  acid  was  added  to 
the  basic  lead  styphnate  at  t&e  stage  when  the  material  consisted  mainly  of  the 
small  yellow  opaque  aggregates,  i.e.  after  4  minutes  basic  stage. 

Rapid  addition  of  nitric  acid  (CG.98)  gave  rapid  growth  of  normal  salt  with 
the  transient  formation  of  masses  of  hair-like  orystals.  The  final  product 

was  small  (0.020  .am.)  with  some  tendency  to  aggregation.  The  individual 

crystals  were  the  e quant  type  presenting  a  squarish  profile;  there  also 
appeared  to  be  mar^y  liquid  inclusions  in  the  product.  Graphiting  of  this 
product  was  satisfactory. 

In  CG.99  the  nitric  acid  was  added  at  a  slower  rate  (10  minutes);  the 
normal  salt  grew  more  slowly  than  in  CG.98,  showing  a  slow  transition  from 
the  small  aggregates  to  the  hair -like  orystals  of  uasic  salt  and  finally  to 
the  normal  salt.  After  six  minutes  of  the  nitrio  addition  there  appeared  to  be 
no  change  in  the  product.  The  final  material  had  a  Specific  surfaoe  area 
comparable  with  that  of  R.D.  1303  (695  om^/g)  but  the  individual  crystals 
were  of  equant  type  and  orientated  at  random.  The  particle  size  distribution 
has  a  greater  range  than  CG.98  (fig.l6B)  and  the  material  graphited  satisfactorily. 

During  the  slow  addition  of  nitrio  acid  (CG. 100)  the  basic  salt  underwent 
the  same  transformation  as  in  CG.99>  and  there  was  no  apparent  change  in  the 
normal  salt  after  the  addition  of  approximately  half  the  quantity  of  nitric  acid. 
The  product  was  similar  in  type  to  CG.99  although  as  might  have  been  expected, 
the  orystals  were  much  larger  and  had  a  smaller  surface  area  than  CG.99* 

(Graphiting  of  the  produot  was  in  the  main  unsatisfactory).  During  a 
graphiting  experiment  1.74  per  oent  graphite  was  incorporated  and  a  mean  figure 
for  the  specific  resistance  obtained,  72  x  ICr"  oh.ns/om.3  but  as  the  results 
were  not  consistent  the  graphiting  experiment  was  repeated;  Ly  vigorous 
washing  only  0.74  per  cent  graphite  was  incorporated  and  the  specific 
resistance  was  high. 


In  the  aDove  series  of  experiments  the  range  of  particle  sizes  and 
specific  surface  areas  were  rather  restricted,  thus  there  was  no  material  with 
a  specific  surfaoe  area  below  500  cm^/g  so  that  no  direct  comparisons  can  be 
made  with  R.D.  1302  which  normally  has  a  specific  area  of  approximately  400  am  /g. 
■*■0  increase  the  range  of  surfaoe  areas  a  series  of  exper  iments  showed  that  a 
deorease  in  the  rate  of  lead  aoetate  addition  gave  a  large  ty^e  of  product. 
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Thus  on  adding  the  lead  aoetate  to  the  magnesium  styphnate  in  f^ur  einutes  and 
allowing  to  stir  for  six  ainutes  (CG.102),  the  first  formed  acgregates  ohanged 
to  a  fixture  of  aggregates  and  hair-like  crystals,  which,  on  the  addition  of 
nitrio  acid  over  a  period  of  7j  •ainutes,  changed  via  the  hair-like  orystals 
to  lar^e  nor.aal  salt  orystals.  The  individual  crystals  were  mainly  of  the 
equant  type  although  soae  tabular  type  could  be  seen  (fig.18).  The  average 
partiole  size  was  0,0388  ixi.  with  a  Speoifio  surface  area  of  305  g  and 
graphiting  of  this  .material  showed  that 'only  a  small  amount  of  graphite  c  uld 
be  incorporated,  i.e,  insufficient  to  give  a  suitable  value  for  the  specific 
resistance. 

Variations  of  the  R.D. 1303  process 

The  main  naterial  difference  in  the  R.D, 1303  prooess  fr,n  that  of  the 
R.D, 1302,  is  the  concentration  and  p.H  of  the  magnesium  styphnate  solution. 
Although  on  the  plant  scale  a  limit  of  p.H  4. 5  -  4.65  y:as  set  for  R.D.  1303  it 
had  Deen  f;und  that  a  p.H  4,7  -  4«8  was  required  to  give  similar  material  on 
laboratory  scale  preparations. 

For  the  series  of  experiments  detailed  in  Table  VII,  oagnesium  styphnr.te 
of  p.H  4.8  containing  184.8  g,  styphnio  aoid  per  litre,  has  been  used. 

Normally  in  the  R.D. 1303  prooess  the  Dasio  stage  is  continued  until  all  the 
initial  aggregates  of  basic  salt  are  replaced  by  acicular  orystals  and  nuclei 
before  the  rapid  addition  of  nitrio  aoid.  a  basic  salt  stage  of  10  ninutes 
in  expt ,  CG.  121  was  sufficient  to  dear  the  aggregates  of  basic  salt;  the 
rapid  addition  of  nitrio  aoid  minute)  then  gave  a  product  of  large 
surfaoe  area  (l ,014  cm  7g)  and  taeular  habit  which  graphited  satisfactorily 
when  3  per  cent  colloidal  graphite  was  added. 

The  rapid  addition  of  nitrio  acid  to  the  basic  salt  which  still  contained 
some  aggregates,  (CG.  122)  gave  a  produot  consisting  of  many  large  equant  tyre 
orystals  on  which  saall  orystals  were  adhering.  This  product  had  a  saall 
speoifio  surfaoe  area  (384  oms^/g)  and  was  unsatisfactory  f->r  graphiting  by 
the  nor.aal  procedure, 

A  slower  rate  of  nitric  addition  (5j>  ;ainutes)  to  the  basic  salt 
containing  nj  a^re^ates  (CG.123)  ^ave  a  saall  pjartiole  size  prjduot  of  lar._e 
surfaoe  area  (l  ,184  o.as^/g).  The  orystals  were  a  mixture  of  t  loular 
and  equant  ty^e. 

An  extenti-n  of  the  addition  tiiae  for  the  nitrio  aoid  to  17  minutes. 
(CG.124)  resulted  in  a  produot  of  inoreased  crystal  size  but  the  habit  was 
aainly  of  the  tabular  type.  The  graphiting  was  doubtful  sinoe  maly  1.5 
per  cent  graphite  was  incorporated  by  the  standard  method, 

From  the  foregoing  exper iments  (Tables  VI  and  VTl)  it  is  confirmed  that 
during  the  change  over  from  the  basic  to  normal  lead  styphnate,  if  aggregates 
of  basic  salt  are  present  during  the  nitrio  addition,  equant  type  orystals  are 
formed  whioh  have  a  small  surfaoe  area  in  spite  of  their  rapid  formation  by 
the  rapid  addition  of  nitric  aoid  (of,  121  and  *122),  The  addition  of  nitrio 
aoid  to  the  basic  salt  containing  n^  aggregates,  i.e.  consisting  entirely 
of  aoioular  or  bladed  orystals  together  with  nuolei,  results  in  the  formation 
of  a  tabular  ty^e  of  normal  lead  styphnate,  the  size  depen  ing  on  the  rate  of 
nitric  aoid  addition;  the  particle  size  increasing  with  a  decrease  in  rate 
of  nitrio  acid  addition. 


It  will  be  seen  from  Table  VIII,  that  of  the  various  types  of  lead 
styphnate  prepared,  the  crystal  habit  has  had  little  effect  upon  the  ease  of 
graphiting.  Thus  CG.lJJ  is  of  the  equant  type  (sp.  surface  537  ausR/g) 
while  CG.124  is  of  the  tabular  type  (sp.  surfaoe  534  ams^/g)  and  b„th  materials 
behave  in  a  similar  manner  in  the  graphiting  prooess,  i.e.  they  incorporate  a 
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small  quantity  of  graphite  giving  products  of  variable  resistance.  Products 
7,1  th  specific  surface  areas  of  the  order  300-400  ams2/g  incorporate  very  small 
portions  of  graphite  v/hich  gives  products  jf  high  specific  resistance  and 
detonate  in  the  500  V.  Megger  test  (see  later).  Produots  of  surfaoe  area  in 
the  region  of  7 00  cms2/g  graj^hite  satisfactorily  and  behave  in  general  as 
the  normal  R.D.1303  on  graphiting;  lead  styphnates  of  surfaoe  area  in  the 
neighbourhood  of  1 ,000  cms2/g  require  a  higher  proportion  of  graphite  to  give 
materials  of  correspondingly  low  specific  resistance;  the  minimum  value  c.'Uld 
be  set  at  2.5  per  cent  graphite  compared  with  1.9  per  cent  for  material  w.ith 
specific  surface  area  of  700  cms2/g.  The  specific  surface  are^  of  CG.96  was 
1 ,040  cms2/g  and  incorporation  of  2.14  per  cent  graphite  gave  a  product  jf 
high  and  variable  specific  resistance.  The  incorporation  uf  2.6d  per  cent 
graphite  was  sufficient  to  give  a  product  jf  quite  I07;  resistance.  The 
relation  uetv.een  specific  resistance  and  graphite  content  f_>r  lead  styphnate 
of  surface  area  approximately  1,000  cms2/g  is  shown  in  fig. 7. 

The  difference  in  particle  size  distribution  is  of  interest,  it  shows 
the  change  in  particle  size  with  rate  of  nitric  addition  (figs.  16.  a.B.  &  C). 
The  difference  in  particle  size  distribution  is  comparatively  great  for  CG.  95 
and  CG.96  although  their  surface  areas  are  practically  the  same.  This 
difference  is  probauly  due  to  a  sha^e  factor  or  the  state  of  aggregation  which 
is  typical  of  these  .uaterials.  Again  CG.98  and  CG.99  show  little  difference 
in  specific  surface  areas  and  behave  similarly  on  graphiting,  but  there  is  a 
large  difference  in  their  distribution  polygons.  On  the  other  hand  comparing 
CG.99  and  CG.  100  (fig.l6B)  the  distribution  polygons  are  similar,  but  there 
is  quite  a  difference  in  their  specific  surface  areas;  CG.99  (sp.  surface 
697  ca2/g)  graphites  satisfactorily  v/hile  CG.100  (sp.  area  537  om  /g)  is 
unsatisfactory  for  graphiting. 


Sum..iary  and  discussion 

It  is  cmiluded.  that  lead  styphnate,  prepared  by  the  R.D. Process,  v;ill 
incorporate  sufficient  graphite  by  the  process  described,  to  give  a  product 
having  an  electrioal  resistance,  capable  of  allowing  the  ready  leakage  of 
electric  charges  without  detonating,  if  the  specific  surface  area  is  greater 
than  650  cm2/g. 


By  a  gelatin  pretreatment,  lead  styphnate  of  specific  areas  1-wer  than 
650  om2/g  can  be  graphited  to  give  electric  leakage  values  comparable  with  a 
’’non-static"  lead  styphnate.  The  ease  of  graphiting  increases  as  the 
surface  area  approaches  the  region  of  650  cm2/g. 


The  difference  in  beahvi^ur  of  the  olended  R.J.  13d2  and  the  particular 
batch  R.D.13J2  S.12,  c^uld  oe  attribute^  in  part  to  their  difference  in  surface 
areas;  the  blended  material  (Sp.  area  325  0137,:)  not  being  affected  in  the 
same  manner  on  storage,  as  the  material  of  larger  surface  area,  R.D.13J2  S.12 
(sp.  area  457  oiir/g).  It  is  probable  that  the  v.et  storage  vf  these  materials 
has  been  in  the  nature  of  a  pre -treatment;  the  material  with  the  larger  surfc.ce 
area  being  affected  to  the  greater  extent. 


a  similar  effect  may  be  the  cause  of  the  satisfactory  graphiting  of 
service  lead  styphnate  (I.C.I.).  This  material  had  a  specific  surfaoe  area 
of  473  enr/g  and  has  been  stored  under  similar  conditions  to  R.D. 13J2  S.12. 
This  storage  is  akin  to  a  pre-treatment  since  freshly  prepared  R.D. 13j2  of 
similar  surface  area  does  not  graphite  satisfactorily  unless  it  is  given  a 
gelatin  pretreat  .lent . 
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The  orystal  hauit  of  the  lead  styphnate  with  surfaoe  areas  greater  than 
650  cm^/s*  appears  to  make  little  difference  to  the  graphiting  process.  The 
crystal  habit  of  lead  styphnate,  with  surfaoe  areas  300  to  400  ara^/g,  jay  have 
some  effeot  on  the  incorporation  of  graphite.  It  might  oe  possible  to  decide 
the  crystal  haDit  effeot  by  an  examination  of  the  adsorption  isotherma^s  in 
dilute  solution.  If  the  ordinary  isothermal  were  valid,  i.e.,lX  =  acfr  = 
adsorption  value,  a  =  oonst.  0  =  equilibrium  concentration  after  adsorption, 
n  =  constant)  then  the  relation  between  g'V  and  log.  o  would  be  linear. 

If  the  types  of  lead  styphnate  were  similar  differing  only  in  surfaoe  area 
then  the  log  y  /log  c  lines  would  be  striotly  parallel  to  one  another  for  the 
various  types  of  lead  styphnate;  i.e.  th^  exponent -ft  should  have  the  same  value, 
Thus  if  it  were  f^und  that  the  exponent  were  constant  for  the  various  types 
of  lead  styphnate  it  could  be  concluded  that  the  difference  in  graphite 
incorporation  was  simijly  due  to  a  difference  in  specific  surface  area  and 
not  to  an  inherent  adsorption  power  of  R. D.  13d3. 


The  quantity  of  gelatin  added  during  the  graphiting  process  ffects  the 
speoific  resistance  of  the  product  to  some  extent,  Out  the  main  difficulty 
due  to  the  addition  of  an  excess  of  gelatin  would  be  oaused  by  the  aggregation 
of  the  product  from  which  processing  difficulties  might  arise. 

although  the  graphiting  of  R.  D.13^2  (sp.  area  jjJ-ltJJ  om^/g)  directly 
after  manufacture  by  the  pretreatment  method  has  given  products  with  specifio 
resistances  comparable  with  a  "non-static"  lead  styphnate  in  the  loose  state, 
it  has  not  been  possible  to  increase  the  graphite  content  much  beyond  the 
minimum  graphite  value  (l,2  per  cent).  It  is  doubtful  whether  the  graphiting 
of  R,3. 13d2  could  be  considered  as  a  satisfactory  project  for  extension  to 
the  manufacturing  soale  in  its  present  form,  since  there  is  a  possibility 
of  obtaining  material  with  low  graphite  content  and  high  specific  resistances 
which  is  more  sensitive  to  electric  charges  than  the  untreated  lead  styphnate 
(See  Appendix  Vi) .  The  graphite  content  and  specific  resistance  in  the 
region  of  specific  areas  330-UOJ  cm^/g  is  critically  dependent  on  the 
surface  area  of  the  lead  styphnate. 
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APPENDIX  IV 


Graphite  fret  fixing  Processes 

It  has  been  shown  earlier  that  incorporations  of  graphite  up  tu 
13*7  per  rent  from  dispersions  of  colloidal  graphite  in  organic  solvents  have 
not  given  material  satisfactory  for  the  2j  mm.  electric  cap,  unless  additional 
powdered  graihite  has  oeen  added.  A  method  for  the  incorporation  of 
sufficient  powdered  graphite  with  R,  D.  13J3  to  give  a  suitable  cap  oonpjsitiLn 
would  be  a  considerable  advanoe  in  technique.  This  investigation  has  oeen 
divided  into  two  portions. 

A.  The  incorporation  of  powdered  graphite  with  R.D.13J3  by  a  nixing  method 

B.  The  incorporation  of  both  colloidal  and  powdered  graphite  with  R.  D.  13j3« 

A.  THet  mixing  process  for  R.D.13J3  and  1  J-12  per  pent,  powdered  graphite 

The  experimental  work  and  procedure  are  detailed  in  Table  IX.  The  pov.de re 
graphite  used  in  these  experiments  was  Acheson’s  35  of  specific  surface  area 
5,9U  om^/g;  this  .material  has  been  found  suitable  for  the  dry  .mixing  process. 
Sane  difficulty  was  experienced  in  wetting  the  powdered  graphite  in  early 
experiments  (CG-.27)  and  it  was  found  necessary  to  employ  a  wetting  agent. 

The  process  is  a  modification  of  the  Aquadag  graphiting  process  except 
that  a  suspension  of  powdered  graphite  was  substituted  for  the  colloidal 
graphite.  In  CG-.28,  the  addition  of  1  .  gelatin  solution,  equivalent  to  J.2 
per  cent,  gelatine  (calc,  on  R.D,  13J3)>  to  the  R.  D.  13a3/graphite  suspension, 
gave  some  indication  of  graphite  segregation  on  washing.  A  standard  procedure 
was  adopted  to  determine  if  segregation  occurred  in  the  wet  state;  after 
allowing  the  mixture  to  settle,  it  was  given  a  gentle  swirling  motion  oy  hand, 
any  tendency  for  segregation  was  shown  by  the  appearance  of  a  thin  black 
ring  of  graphite. 

No  segregation  was  observed  in  CG.32  and  CG.33  where  1J  per  cent,  graphite 
was  readily  incorporated  usin&  1.  J  and  J.6  per  cent,  gelatin  respectively, 
although  slight  segregation  was  noted  in  CG.28,  where  J.2  per  oent  gelatin 
was  used  as  the  incorporating  agent,  the  final  product  processed  well  to  give 
a  deep  yellow,  free  flovdng  material  with  no  signs  of  segregation  in  dry  state. 

-tin  increase  in  graphite  content  to  12.5  per  cent,  require^  the  addition  of 
J.6  per  cent,  gelatin  to  give  a  non -segregating  type  of  product  (CG.34);  the 
use  of  only  J.4  per  cent,  gelatin  gave  segregation  in  the  wet  state,  although 
processing  was  good  and  the  dried  product  showed  no  indication  of  graphite 
segregation  (CG.35) . 

During  attempts  to  reduce  the  quantity  of  gelatin  nocess  .ry  to  give  a 
non-segregating  product,  the  addition  of  tannic  acid  as  a  gelatin  precipitant 
was  tried.  The  addition  of  J.4  per  cent,  tanoio  acid  to  the  mixture  j s  in 
CG. 29,  containing  J.2  per  cent,  gelatin  showed  slight  segregation  in  the  wet 
state  and  the  final  product  showed  greater  aggregation  than  CG.28  in  which 
J.2  per  cent  gelatin  had  been  used  without  tannic*  acid  addition.  ian  increase 
of  tannic  acid  to  1.J  per  oent.  (CG.3J)  caused  the  precipitation  of  a  fibrous 
material  (gelatin  tannic  complex)  and  although  no  segregation  was  observed 
the  final  product  was  very  aggregated.  The  addition  of  ammonia  before 
the  addition  of  tannic  acid  (CG*31)  £>ave  a  pjor  tyxe  of  ^r^duct  for  processing; 
J,j7  -per  cent,  ammonium  hydroxide  causing  the  mixture  to  became  dispersed  in 
the  liquor  and  remaining  stable  for  a  considerable  time  before  settlin^  out 
occurred.  It  appeared  tbit  no  useful  purpose  was  served  uy  the  addition  of 
tannic  acid  or  aojonia. 


The  values  of  the  specific  resistances  of  the  series  CG.28  -  35  reported 
in  Table  IX  show  a  great  difference  for  the  materials  incorporating  9*2  per 
oent  graphite  and  those  incorporating  12.5  per  cent.  The  former  have  hiji 
resistances  (>  100  x  10°  ohras/ca.3)  while  the  latter  have  values  as  low  as 
13  x  10^-  ohms /cm . 3 .  Lead  styphnate  having  high  specific  resistances  may  be 

considered  to  be  as  sensitive  to  static  charges  as  the  ordinary  dry  mixed 
R.D.1 303 /graphite  composition,  (see  A. R.D.  Explosives  Report  No.28l/45)* 

Products  containing  12.5  per  cent,  graphite  (CG.34  and  35)  of  low  specific 
resistance  would  have  a  low  order  of  static  risk.  (C.f.  CG.19  Appendix  I) . 

Luring  determinations  of  speoific  resistances  using  the  5 OoV  oiegger,  it 
was  noted  that  all  the  materials  containing  9*2  per  cent,  graphite  detonated 
readily  while  products  containing  12,5  per  cent,  graphite  did  not. 

Pour  batches  of  the  series  were  tested  for  the  2o  urn .  electric  cap  (see 
Table  IX)  and  it  was  shown  that  products  containing  9*2  per  cent,  graphite  were 
unsatisfactory  because  of  their  high  firing  resistances,  but  products 
containing  1 2 . 5  ^er  cent,  graphite  functioned  satisfactorily  in  the  cap  test. 
There  was  some  difference  in  the  firing  resistances  of  the  two  batches  CG.34 
and  CG. 35  although  their  firing  voltages  were  well  within  the  speoific  limits; 
the  difference  was  probably  due  to  the  difference  in  gelatin  oontent  of  the 
two  products.  It  was  ooserved  again  that  where  some  excess  of  gelatin  has 
been  employed  the  product  tfends  to  become  aggregated. 

B.  Combination  Process  Incorporation  of  powdered  and  Colloidal  graphite 
by  a  wet  process. 

Although  the  wet  mixing  process  above  has  shown  that  the  incorporation  of 

12.5  per  oent.  graphite  will  give  a  material  suitable  for  the  2J  mm.  electric 
oap  and  that  it  has  a  low  static  risk  in  the  loose  state,  the  material  showed 
many  free  styphnate  crystals  (see  fig.19);  a  reduction  of  the  graphite  content 
would  probably  lead  to  a  static  sensitive  material  being  prepared.  A 
preliminary  graphiting  with  colloidal  graphite  to  incorporate  approxi  lately 

2.5  per  cent,  graphite  followed  by  a  wet  mix  with  powdered  graphite  would  give  a 
"non -static”  product  which  was  independent  of  the  powdered  graphite  content. 


A  number  of  2j  grm .  scale  preparations  showed  that,  after  graphiting 
R.D. 1 3 m3  with  colloidal  graphite  using  gelatin  as  the  incorporating  agent,  the 
subsequent  addition  of  a  suspension  of  powdered  graphite  in  water  gave  a  clear 
supernatant  liquor  on  settling,  but  that  the  particles  of  powdered  graphite 
were  not  attached  to  the  lead  styx>hnate.  The  subsequent  addition  of  gelatin 
solution  caused  the  particles  of  powdered  graphite  to  become  attached  to  the 
graphited  R.D.  1345.  The  process  .say  oe  considered  as  1  combination  of  the 
graphiting  process  described  in  apj  endix  I  and  the  wet  mixing  process  described 
above.  The  specific  resistance  values  of  the  products  were  low  and  comparable 
with  a  "non-static"  lead  styphnate  and  in  view  of  the  satisfactory  incorporation 
and  the  possible  extention  to  the  plant  soale,  the  preparation  of  a  5  ->z. 
laboratory  batch  is  described  in  detail  : - 


Combination  Process  on  the  5  oz.  scale 


ijuant  ities 

Stage  A.  (Colloidal  Graphiting) 

R.D. 1303  S.23  82  mis.  (=  13 J  g.dry) 

Colloidal  graphite  3,6.'  C  (w/V)8l  mis. 

Water  made  up  to  500  mis. 

Gelatin  1$  solution  23.2 

Stage  B  (Wet  mixing) 

(Powdered  graphite  ^cheson’s  35  1 3 . 5  g* 

(Water  3 J  mis. 

(Johnson's  326  Wetting  Agent  2  mis. 

Gelatin  1  >  solution  35  mis . 


per  1JJ  gras.  R.D.  13-5 
1  JO 

2.5  gras,  graphite 
0.2  grms.  gelatin 
11.25  grms. 

J.3  grms. 
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Procedure 


> 


Stage  A  The  R.D.  13 J3  was  pleasured  out  wet  and  suspended  in  approximately 
2jj  mis .  of  water, the  colloidal  graphite  suspension  obtained  by  diluting 
’Aquadag'  was  added  while  the  mixture  was  being  stirred,  the  volume  was  made 
up  to  5JJ  mis.  with  water.  The  fixture  was  stirred  and  the  gelatin  solution 
added  during  1  J  minutes  at  room  temperature  (l8-2jLC). 

Stage  B  .ufter  stirring  for  a  further  5  minutes  the  suspension  of  powdered 
graphite  in  water  containing  the  vettin^  agent  was  dded,  followed  by  the 
addition  of  gelatin  solution  during  13  minutes.  The  mixture  was  allowed  to 
stir  for  a  further  5  minutes,  settle  for  3  minutes,  and  the  mother  liquor 
decanted  off.  The  product  after  washing  twice  with  water  and  jnce  with 
alcohol  was  dried  at  4-)  -  50°C.  then  sieved  through  6j  mesh. 

Process  Remarks 

Completion  of  stage  a  was  indie  .tec.  by  a  trial  settling  after  the  gelatin 
addition;  a  clear  liquor  with  rapid  settling,  no  segregation  and  attchment  of 
graphite  indicates  a  satisfactory  preliminary  graphiting. 

During  Stage  B,  after  the  addition  of  25  mis.  of  gelatin  solution  a  trial 
settling  showed  cloudy  liquors  and  some  signs  of  segregation  on  gentle  swirling 
after  the  addition  of  35  mis.  of  the  gelatin  solution,  the  liquor  settled 
rapidly  giving  a  clear  supernatant  liquor  -with  no  signs  of  segregation  of  the 
p<roduct  on  gentle  swirling.  Washing  oy  deoantation  was  rapid. 

Product: -  Consisted  of  dark  coloured  free  flowing  material  with  some  small 
aggregates  (see  fig.2j). 

Gra,  hite  Content:-  12.1  per  cent,  graphite 

Specific  Resistance  (Loose  powder)  2.8  x  1  Jr  ohms/cnr 
Slectric  Cap  T^.st 

Pressing  load  1  ,  JJ J  lb.  Firing  Resistance  J.j  ohms. 

Firing  voltage  11.J  volts 

Conclusions  and  Discussion 


It  has  been  shown  that  powdered  graphite  can  be  attached  to  R.D.  1303  in  a 
manner  similar  to  that  used  for  the  attachment  of  graphite  flocculi  obtained 
from  a  colloidal  graphite  suspension. 

ii  distribution  of  9*2  per  cent,  of  the  particular  graphite  used  i.e. 
iichesons  35  3p  Area  5,911  aa^/g,  resulted  in  a  product  having  a  greater 
sensitiveness  to  eleotrostatic  charges  than  the  untreated  R.D.  l3o3*  ’/Then  the 
distribution  of  powdered  graphite  was  increased  to  12  per  cent,  of  the  nixture, 
the  product  had  a  Specific  resistance  comparable  with  a  non-static  lead 
styphnate.  It  appears  that  a  certain  distribution  of  graphite  is  necessary  to 
give  the  required  graphite  to  graphite  contacts  to  ensure  a  material  with  low; 
specific  resistance,  the  distribution  require^,  depending  on  the  particle  size  of 
the  graphite  other  factors  being  constant,  as  indicated  previously,  a  minimum 
graphite  distribution  value  can  be  determined  below  which  value  the  product 
will  have  a  high  specific  resistance  in  the  loose  state  and  a  low  energy  of 
electrical  ignition. 
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The  minimum  graphite  distribution  is  also  dependent  on  the  partiole  size 
or  surface  area  of  the  lead  styphnate,  but  considering  R. D.  13  J3  which  has  a 
specific  surface  area  of  approximately  70J  cm.2/g  the  minimum  distributi  n 
value  for  graphite  of  surface  area  6,oJJ  cm.2/g  is  of  the  order  of  1e  -  11  per 
cent,  graphite,  v;hile  graphite  flocculi  ohtained  from  colloidal  graphite  i.e. 
having  an  extremely  large  surface  area,  the  minimum  value  would  be  approximately 
1.8  per  cent,  graphite. 

During  specific  resistance  measurements  using  the  5 obV  Megger,  all  the  wet 
mixed  products  containing  9*2  per  cent,  graphite  detonated,  whereas  with 
determinations  with  products  containing  12  per  cent,  graphite,  no  detonations 
occurred.  This  difference  oust  be  due  to  the  different  electrioal  leakage 
values  of  the  materials. 

.a  preliminary  graphitin0  of  the  R.D. 13 5  by  the  colloidal  graphite  method, 
followed  by  a  wet  uixi n&  procedure  has  given  a  prjouct  which  fires  within  the 
Aroposed  acceptance  range  for  the  2J  mm.  cap  composition.  In  the  loose  state 
the  specific  resistance  of  the  , material  indicated  that  the  electrification 
risk  is  lower  even  than  CG.19  (QV).  Increased  scale  preparations  from  2j  grm. 
to  5  oz.  has  shown  good  reproduction  of  the  essential  properties. 

m.  comparison  of  the  four  types  of  compositions  which  have  been  found  to 
fire  satisfactorily  in  the  2J  mm.  electric  cap  test,  is  of  interest,  their 
chief  characteristics  are  tabulated  below 


Composition 

Method  used 

Speoific  Res. 
ohms .  x  1 -A 

Detonations  with 

5jJV  Megger 

R.D.13^3  +  12.5- 

powdered  graphite 

Dry  Mixing 

"T  1 

^ 1 j , j Jo 

Detonations 

R.  D.  13  ->3  +  12.5, : 
powdered  graphite 

Wet  fixing 

19 

No  detonations 

R.D.13J3  +  2.51 
graphite  from 
colloidal  graphite 

+  1  J  .  powdered 

graphite 

Wet 

combination 

process 

2.8 

No  detonations 

Graphite  R.D.  13-3 
+  8.8  1  powdered 
graphite 

J  Dry  mixing 

J.43 

1 - 

No  detonations 

4 - 

comparison  of  the  products  obtained  from  the  R.D.  13 J3/graphite  dry  and 
wet  .mixing  processes  show  that  they  have  a  similar  appearance  under  the  micrscope 
i.e.  they  consist  of  an  intimate  mixture  of  le -d  styphnate  crystals  and  .pra^hite 
particles  (C.f.  fig.  6  and  9)«  The  wet  mixed  material  however,  gives  a  low 
specific  resistance  in  the  loose  state  compare^,  with  that  of  the  .material 
obtained  oy  the  dry  .mix  process.  ^lso  the  wet  mixed  material  does  not  detonate 
in  the  5->oV  Megger  test.  The  products  from  the  combination  process  .and  the 
graphited  R.D. 13-5  powdered  graphite  dry  mixing  process,  both  show  that  each 
crystal  of  styphnate  is  graphited  and  the  particles  of  powdered  graphite  are 
attached  to  the  lead  styphnate  crystals.  (See  figs.  19  and  4)* 
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Of  the  f our  c  up  isitions  tabulated  above  it  would,  appear  that  the  most 
satisfactory  type  of  product  from  the  manufacturing  point  of  view  would  be 
that  prepared  by  the  combination  process.  The  process  would  follow  directly 
after  the  manufacture  of  the  R.D, *1 3 >3  and  ob\  iate  a  dry  mixing  procedure. 

The  dry  mixing  of  graphited  R.D.  13 ->3  and  powdered  graphite  would  offer  no 
electro-static  risks,  but  the  mixing  process  w.>uld  be  limited  to  8  oz. 
batches  with  the  existing  type  of  equipment. 
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The  7«et  Incorporation  jf  aluminium  Powder  and  ^liuinium  Stearate  with  R.D.  13^3 

The  previous  appendices  have  detailed  the  incorporation  of  graphite  in 
its  various  for/iS  as  a  conducting  material;  consideration  of  compatibility  etc. 
of  other  conducting  materials  indicated  that  the  incorporation  of  aluminium 
powder  with  R.  D.13o3  might  act  in  a  .manner  similar  to  that  of  the  products  from 
the  graphiting  processes.  In  addition  it  was  considered  possible  that  the 
incorporati jn  of  an  inert  material,  e.g.  aluminium  stearate,  although  a  non¬ 
conductor,  'would  have  practical  application  in  giving  effective  lubrication 
during  filling  and  pressing  procedures  thus  contributing  to  the  safety  of  such 
operation. 


Inc  or,  oration  of  aluminium  Powder  with  R.D.13o3 


A  large  variety  of  commercial  aluminium  powders  art  available  and  for  a 
number  of  samples  the  values  for  specific  surface  area  and  resistance  were 
determined.  The  finest  type  of  aluminium  powder  (Sx>.  *irea  6,  225  om^/g) 
had  a  specific  resistance  (  ?  14  x  ohms/cm?)  which  was  attributed  to  the 
presence  of  an  oxide  fil  l  over  the  surface  of  the  aluminium  particles. 

Other  grades  of  aluminium  powder  were  available  which,  although  of  smaller 
surface  area,  had  specific  resistances  comparable  v/ith  that  of  the  graphite 
powder  used  in  previous  work.  A  selection  of  four  grades  of  powder  was  made 
for  the  investigation  and  their  characteristics  are  detailed  with  the  experimental 
work  in  Table  X. 


The  experimental  procedure  was  similar  in  each  experiment,  the  aluminium 
being  wetted  with  the  gelatin  solution  and  the  mixture  washed  into  the  lead 
styphnate  suspension,  to  the  stirred  mixture  was  then  slowly  added  a  solution 
of  tannin  acid. 


The  Bag  House  dust  (.u.S.1  and^.S.2)  represents  the  finest  commercial 
powder  available  but  the  particles  are  probably  well  coated  with  an  oxide  film, 
incorporation  of  this  powder  as  pa  ^.S.l  and  -*.3.2  showed  no  segregation  and 
the  processing  -f  each  batch  was  good.  The  final  products  showed  some 
unattached  particles  of  aluminium  powder  to  be  present  (Pig.2l);  the  products  also 
gave  high  values  for  specific  resistance  measurements.  Thu  fine  powder  used 
in  these  two  experiments  showed  same  initial  reactivity  when  vetted  with  water; 
for  this  reason  and  also  presence  of  the  oxide  film,  coarser  types  jf  Aluminium 
were  used  which  had  low  specific  resistance  values. 

The  incorporation  of  aluminium  powder  with  surface  area  950  c.m  /g.  having 
a  specifia  resistance  of  3j  ohms/cra.3  (a.S.3)  shov#ed  same  signs  jf  segregation 
in  the  wet  state  even  after  the  addition  of  up  to  1  tannic  aoiu  (calc,  on 
R.D.  13l3).  Processing,  however,  was  satisfactory  and  no  segregation  was 
observed  in  the  dry  state.  The  product  consisted  of  a  free  flowing,  light 
yellow  material  which  under  the  microscope  showed  some  unattached  aluminium 
particles,  these  can  be  seen  in  Pig. 22  as  bright  elongated  particles.  No 
initial  reaction  was  noted  when  the  aluminium  powder  was  wetted,  the*  material 
however  is  probably  too  coarse  to  give  satisfactory  incorporation.  although 
the  incorporated  aluminium  had  a  low  specific  resistance  the  final  product 
of  a  IJa  incorporation  had  a  high  specific  resistance. 

The  two  samples  used  in  a.S.4  and  A. S. 5  had  specific  surface  areas  of  1 1 1f. J 
and  1351  cj^/g.  respectively  and  also  lew  specific  resistances  (34  and  i6  oh.ms/om^) 
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Both  samples  incorporated  well  without  the  need  for  adoin^  t  \nnio  aci  ~  Sulutionj 
the  tannic  acid  sjlution  was  admed,  however,  in  order  t~  keep  conditions  constant, 
The  products  were  similar  in  both  oases  and  the  aluminium  wis  incorporated 
mainly  on  the  aggregates  of  lead  styphnate  v/hich  showed  a  bright  metallic 
surface  (Pig. 23). 

In  previous  work  the  incorporation  of  pow&erea  graphite  has  required  a 
certain  minimum  distribution  in  order  to  give  a  conducting  product,  the 
distribution  depending  on  the  size  of  conducting  particle,  other  things  being 
constant.  In  experiments  u*.S.4*A.  and  A.S.4-B.  ,  15  and  2o  per  cent  aluminium 
powder  has  been  incorporated  by  the  addition  of  only  J.1  ^er  cent  tannic  acid. 

The  addition  of  tannic  acid  was  necessary  with  these  quantities  of  aluminium 
to  give  clear  mother  liquors.  Both  products  were  shown  to  have  high  values  of 
specific  resistance  and  the  product  containing  2j  ^er  cent  aluminium  powder 
gcave  one  detonation  out  of  six  trials  using  the  5oJ  V.  dagger. 

Incorporation  of  Aluminium  Stearate 

Concurrently  with  the  investigation  of  a  ''non-static"  lead  styphnate, 
the  incorporation  of  aluminium  stearate  with  lead  styphnate  was  tried  is  a  means 
of  obtaining  a  lead  styphnate  composition  which  would  reduce  the  number  of  ^ress 
fires  in  filling  operations.  The  investigation  is  included  in  this  report  since 
the  preliminary  methods  were  based  on  the  processes  detailed  in  other  appendices. 

A  variety  of  methods  were  tried  in  order  tj  incorporate  10  per  cent  of  a 
sample  of  finely  divided  aluminium  stearate  powder  with  R.L.  13^3,  out  in  each 
case  the  aluminium  stearate  segregated  almost  completely. 

The  idea  of  incorporating  aluminium  stearate  in  powder  form  was  s^on 
abandoned  in  favour  of  a  method  for  incorporating  aluninium  stearate  formed  by 
metathesis  in  the  presence  of  the  R.D.  13d3« 

The  experimental  work  is  tabulated  in  Table  XI,  the  main  variant  being  the 
method  of  precipitating  the  aluminium  stearate.  For  the  purpose  ^f  calculating 
quantities  of  solution  eto.  a  slight  excess  of  aluninium  nitrate  solution  has 
been  used  to  precipitate  a  product  with  a  composition  of  Al  (CH3(CH2)i6COO)i 
it  is  probable  that  the  precipitate  is  a  basic  salt  ^f  aluminium  stearate  but  no 
analyses  are  available  to  check  this. 

Use  of  Sodium  Stearate 


The  addition  of  aluminium  nitrate  solution  to  the  water  suspension  of  lead 
styphnate  (R.D.  13^3)  stirred  at  3uLC.  followed  by  the  additi  n  of  a  suspension 
of  sodiiu  stearate  in  hot  water  (D.S.7)>  caused  the  segregation  of  a  very  fine 
white  preoipitate,  and  the  product  remained  unchanged  after  the  addition  of 
gelatin  and  tannic  acid  solutions. 

The  addition  of  sodium  stearate  to  the  hot  suspension  ^f  R.D.13b3  and 
subsequent  addition  of  aluminium  nitrate  solution  (D.3.6  and  12),  gave  a  good 
processing  ty^e  of  product  with  no  signs  of  segregation  in  the  wet  or  dry  state. 
In  bulk  the  product  was  a  pale  yellow  powder  but  under  the  microscope ,  the  aoall 
aggregates  consisted  of  yellow  and  white  granules,  together  with  many  separate 
white  granules  (Fig. 24). 

Use  of  Stearic  Acid 


Another  method  for  the  precipitation  uf  aluminium  stearate  was  oy  the  use  jf 
stearic  acid  (d.P.  69"C).  In  D.S.8  the  stearic  acid  was  added  in  alcoholic 
solution  to  the  suspension  of  Id  IX  1333  stirred  at  55°C.  followedby  the  ad  Id.  t  ion  c 
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aluminium  nitrate  solution.  The  resulting  product  consisted  of  a  large 
soft  spherical  type  granular  material  shelving  some  light  coloured  patches  ^n 
the  individual  granules  (Fig. 25)-  The  addition  of  solid  stearic  acid  to  the 
h^t  water  suspension  of  R.D*  13-6  gave  a  product  consisting  of  a  mixture  of 
the  large  spherical  granules  and  fine  dusty  material  D.S.11).  By  adding  aluminii 
nitrate  solution  to  the  R.D. 13^3  suspension  and  the  subsequent  addition  of 
stearic  solution  in  alcohol  (D.S.17)  a  small  uniform  granular  t y^e  of  product 
can  be  obtained,  these  individual  granules  also  show  white  patches  under  the 
microscope . 

Summary  and  Discussion 


Certain  types  of  ulu ninium  powder  can  be  incorporated  in  R.D.  13->3  up  to 
2j^  cf  the  product  without  segregation.  From  previous  experience  it  is 
probable  that  aluuiniuo  powder  with  a  surface  area  greater  th*  n  95^  cm^/g. 
will  incorporate  satisfact orily  with  R.D.13D3  but  powder  ->f  smaller  surface 
area  tends  to  segregate  in  the  wet  state.  -aluminium  powders  with  a  specific 
surface  area  of  the  order  6,2jj  cm^/g.  are  very  reactive  in  contact  with  water 
and  usually  have  a  high  oxide  content  which  causes  the  material  to  have 
specific  resistances  of  a  high  order;  aluminium  povvders  of  intermediate  surface 
areas,  while  showing  practically  no  reactivity  with  water,  have  low  specific 
fesistances  in  the  loose  state  and  incorporate  well  with  R.D. 13^3. 


In  spite  of  the  low  resistance  jf  sane  of  the  aluminiun  powders  it  has 
not  been  possible  t  n  obtain  a  conducting  composition  oy  the  incorp^rati  n  of 
up  to  2Jj  of  the  powder  in  R.D.  13^3 •  It  is  x^ossible  that  2J,j  aluminium  is 
below  the  minimum  distribution  value  or  the  aluminium  surface  becanes  coated 
with  a  non-oonducting  file;  in  either  case  the  product  is  of  no  use  as  a 
conducting  composition  or  as  a  lead  st/phnate  composition  of  reduced  static  risk. 

The  process  for  incorporation  of  alu..*iniun  powder  .night  find  practical 
application  for  use  in  mixtures  such  as  A.S.^.  etc.  where  aluminium  povder  is 
mixed  in  the  dry  state,  which  is  a  hazardous  procedure  due  to  the  presence  of 
aluminium  dust. 


It  has  been  found  difficult  to  incorporate  pov.dered  aluminium  ste  irate 
with  R.D. 1303  by  the  wet  process;  by  metathesis,  compositions  cf  a  variety  of 
physical  for  ns  have  been  obtained  containing  up  to  10,  >  aluminium  stearate. 

No  results  of  tests  are  available  but  a  recent  patent  indicates  the 
advantages  of  using  aluminium  stearate  with  initiators. 
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Incorporation  of  Aluminium  Stearate  Apparatus 

oral  Conditions  Procedure:  -  Lead  styphnate  (20  g.)  suspended  in  water  and  2^0  ml.  squat  beaker 

stearate  or  aluminium  nitrate  added  is  detailed  in  1.1/2"  butterfly 
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appendix  VI 


Method  for  the  Determination  of  the  Specific  Resistance  of 

Initiatory  Materials 

a  .method  for  the  routine  testing  of  specific  resistance  was  devised  to  assess 
rapidly  the  electrical  leakage  of  lead  styphnate  treated  with  conducting 
materials.  The  rapid  leakage  of  electrical  charges  is  necess  ry  to  ensure 
that  the  electrical  energy  for  ignition  is  not  reached. 

The  electrification  properties  of  a  few  products  have  been  investigated 
and  the  results  are  summarised  in  the  various  appendices  of  this  report,  but 
these  tests  require  large  quantities  of  material  and  can  not  be  used  as  a 
rapid  routine  test  to  indicate  the  effect  of  the  various  incorporations, 

Apparatus 

Pig.  26  shows  the  apparatus  used  for  obtaining  the  resistance  of  thin  lcayers 
of  treated  lead  styphnate.  It  consisted  of  a  urass  base  with  a  diameter 
recess  containing  a  central  spigot  C 0 . 595  eras,  diameter).  n  annular  method 
of  insulating  material  with  a  funnel  shaped  top,  fitted  over  the  spigot.  The 
drift  (end  diameter  0.595  cms.)  was  a  sliding  fit  in  the  mould  and  could  be 
raised  or  lowered  into  the  mould  through  the  insulated  bearing  by  the  attached 
string.  Attached  to  the  top  of  the  drift  was  a  vernier  screw  oy  .aeans  of 

which  the  thickness  of  the  initiator  layer  could  be  measured.  The  drift  and 
base  plate  were  connected  to  an  instrument  for  measuring  resistance.  In 
practice  a  liullord  Universal  Mea*. string  Bridge  (Type  Gil. 4140)  was  used  to  give 
resistances  up  to  10  x  10b  ohms;  a  500  v.  Megger  was  also  used  in  oases  where 
no  readings  were  obtained  with  the  Mullard  Bridge. 

Procedure 


The  apparatus  was  set  up  wTith  the  mould  in  position  over  the  spigot,  the 
drift  lowered  so  that  it  passed  freely  into  the  mould  and  rested  on  tho  spigot, 
in  this  position  the  screw  vernier  was  adjusted  and  the  reading  noted.  The 
electric  leads  to  the  Mullard  Bridge  were  short  circuited  as  a  precautionary 
measure,  the  drift  raised  and  the  material  under  test  which  had  been  measured 
out  by  charge  p>late  principle  (approx.  0.015  g.)  was  dropped  Intj  the  mould. 

The  drift  was  lowered  and  tamped  with  a  215  grm.  weight,  the  leads  reconnected 
to  the  measuring  bridge  and  the  electrioal  resistance  of  the  layor  of  material 
deter mined.  After  again  short  circuiting  the  leads  the  vernier  was  readjusted 
and  the  thickness  of  the  layer  of  initiator  determined.  The  drift  was  again 
raised,  another  increment  of  .material  added  to  the  mould  and  the  resistance  and 
thickness  of  the  two  increments  measured.  It  was  usual  to  determine  the 
resistance  in  this  manner  of  at  least  three  increments,  then  remove  the 
material,  clean  the  spigot,  drift,  and  mould,  then  repeat  the  procedure  ti,ice. 

Some  of  the  materials  detonated  when  using  the  500  7  Megger  and  as  a 
safety  precaution,  the  measuring  instrument  was  set  up  in  a  different  room. 

Calculation  of  Results 

The  specific  resistance  is  calculated  from  the  form 

R  x  a 

Sp.Res ,  =  d  A 

where  R  =  resistance  of  the  layer  measured  in  uh:is;  a  =  area  of  spigot  top 
(0,268  sq.aas.)  and  d  =  thickness  of  the  layer  under  test  (c.is.) 


Discuss  ion  of  method  and  lies  ul  is 

Various  tamping  loads  and  methods  for  filling  the  apparatus  v.'ith  the 
sample  under  test  v.ere  tried  and  it  was  f  und  that  a  minimum!  total  tamping 
load  of  400  grms.  was  neoessary  in  order  to  consolidate  the  layer  sufficiently 
to  give  reproducible  values  of  specific  resistance  for  varying  thicknesses  of 
material. 

During  a  larger  nu.iber  of  tests  it  ?;as  noted  that  graphited  lead  s typhnate 
hiving  a  high  specific  resistance  i.e.  \  8,500  x  10  mhms/cm3  detonated  readily 
during  resistance  measure  .ients  using  the  500  V  megger  while  untreated  lead 
styphnate  would  not  detonate  under  these  conditions.  Graphited  lead  styphnate 
containing  sufficient  graphite  to  give  a  specific  resistance  of  the  order 
50  x  1CA  ohms/cnr  gave  no  detonations  with  the  500  V  megger. 


In  Fig. 7  the  specific  resistances  have  seen  lotted  against  the  graphite 
content  for  three  types  of  lead  styphnate  which  had  oeen  graphited  oy  the  process 
using  colloidal  graphite  dispersed  in  water.  It  will  be  seen  that  for  each 
type  of  lead  styphnate  there  is  a  value  of  the  graphite  content  below  which 
the  resistance  increases  rapidly  as  the  graphite  content  is  decreased,  this 
graphite  oontent  is  called  the  'Minimum  Graphite  Value".  Thus  in  order  to 
obtain  a  graphited  lead  styphnate  of  low  specific  resistance  it  is  necessary 
to  have  a  graphite  content  greater  than  the  minimum  value  for  the  particular 
type  of  lead  stypjhnate.  Fur  the  types  of  , material  in  Fig. 7,  the  minimum 
graphite  value  for  R.  D.  1302  (sp.  surface  area  300-400  cur/, g)  is  1 . 7 ->  graphite, 
for  R.D.  1303  (sp;.  surface  area  700  cm^/g.)  it  is  2  ,  grapohite  and  for  lead  ^ 
styj-hnate  similar  to  R.D.  1303  but  with  a  specific  surfaoe  area  of  1  ,000  am  /g. 
it  is  2.5  graphite. 


The  specific  resistance  of  the  treated  lead  stypjhnate  is  a  good  indication 
of  the  sensitiveness  to  static  charges  of  the  material  in  the  loose  state; 
products  with  specific  resistances  lower  than  50  x  10^  ohms/ono^  are  poractically 
insensitive  to  electr^  static  discharges  (see  electrification  tests  on  CG.19 
Appendix  i) .  It  is  evident  fra.i  the  su.i.iary  of  results  below,  that,  in  the 
loose  state,  graphited  lead  styphnate  having  a  graphite  oontent  below  the 
minimum  value,  has  a  greater  static  risk  than  untreated  lead  styphnate. 
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Expt . 

' 

Type  of 
material 

;/  | 

graphite 

Sp.Res . 
ohms  .  x  1  c4 
/cm .  3 

Detonation 
with  500V 

llegger 

Remarks 

Ref. 

Appendices 

CG.19 

Graphited  R.D,  1303 

1.8 

43 

None 

I 

CG.  1  9/2; 

n 

rt  If 

2.6 

2.5 

None 

I 

1 

CG.93) 

if 

il  ff 

1 .42 

!  >10,000 

Detonated 

II 

B. II  )! 
CG.63 

Graphited  R.D. 1302 

1.72 

21 

j 

None 

| 

II 

CG.92 

ff 

ff  ff 

1.18 

>10,000 

Detonated 

II 

CG.91 

II 

II  If 

0.7 

1  >10,000 

Detonated 

II 

S.23 

CG.32 

R.D.  1302 

R.D.  1303  wet  mixed 

Nil 

9.4 

1  >10,000 

1  >10,000 

None 

Detonat ed 

IV 

CG.35 

with  powdered 
graphite 

I  It  il  II  n 

1 

1 

12.0 

! 

i 

>  19 

! 

\ 

i 

None 

\ 

IV 
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Fiql.  Cfr  3  xso  M9SS. 

Craphiftd  R.D.I303  .  I  /* 

3-T  %  colloidal  graphic  . 


F.g.3.  X280  M853.. 

Enlarged  eryptal*  oF  ^r^pKited  R.D.I303 
iKtwinq  pad'«l  coating. 


F.q.J, .  CGI4?  XSO  M825. 

UO  ^m.  batc4i  graph'* fed  A  0.I303  . 
0*21%  jela-ti*  I*  8  %  colloidal  g  rap  Kite 


Fttg  lt.  CGI*?/3  X50  M88G 

£*«pH«tfd  R. 0.(303  mixed  wifK 
p#«#dcred  graphite  . 


Fig  5.  514-  XSO  NVTll. 

ii  ntreafed  R.D.I3C3 


F»g  5.  S 13  +  graph  »rc  X£>0 


MecKoouAi  mint*jre 
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^  •  Rilflifi'on  bi+vtih  ^f»ph'itc  content'  ar\d 
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■  8 .  X5"0  M  I  *  32.  Fig.t.  CG  if  XSO  M9l9. 

TloTTulation  of  Jroph.re  \*>K  «X>I303  <»ro*K ited  R.0.J3O3  containing  6  L% 

t*f«re  addition  of  gelatin  colloidal  grapHYtc  and  a%  gelatin. 


2. 


F.^.IO.  CG8  XSO  M0I9 

£r«phUed  R. 0.130$  w\rK 
Colloidal  graphite  Qnd  i%  gtlotin. 


PlgJI*  C6n  XSO  M9S(r 

Sr!|phif#d  R. 0.1303  using  colloid  a  j 
grophW*  di'spcrstd  in  acetone  . 
7*(*7«  graphite  . 


Fig. 12.  CG 13  XSO  M057 

t^rttphiUel  R. 0.1303  using  colloidal 
graphite  dispersed  |Vi 

7*tb"  %  grtfpKite . 


Fig. 13.  c£n?  XSO  M9S8. 

£rraph»r«d  R. 0.1303  using  colloidal 
graphlfc  dispersed  in  CC  ly  , 

7#  grapliite  . 


F»Vjl»r.  C.63^  XSO  F(*glS  CGhl  XSO  M  1008 

Orrapnifed  R.O.  1303.  Irrap*  »t «  d  vT.C.Xj(  lead 
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Flip.  1 7.  CGS7  X50  M 1045 

'Tabular  +yp«  lead  ItypKnati  #f 
l»a»  *p«clf»‘fc  surface  area. 


Ctrl  02.  XFO  MIOS3. 

*VM  •«•«*  »typlinat«  . 
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Figjq.  CG34  Xi>0  M««* 

W**  ‘mcorporotion  of  12*5T% 
powdered  grapKife  . 
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P>g>aO,  CG  60  X50 

C  ombinot'iOn  proCe+S  130  iuilt  . 


Fig,  3LI.  ASi  X5*C  M  tf*75 

F O %  fncorporaf  i’ok*  of  fine 
Aluminium  powder, 


Fwj.^Jl  .  AS  3 

I  ntorpor  of  Ton  of  cO^r^c 
powder 


X'SO  M97* 
aid  mi  niiim 


F.V*3.  *s4-  Kf°  M*7fe 

f  O  y0  Tncorpor action  of  intermedlere 

<tx*  aluminium  powder . 

*  *>. 


Fig.  14- .  Did  a; »o  Milii 

I  ntorpor<iti  on  of  IO%  (J^rAioij  m 
fc'Teo^rcxt'e  . 


F.g.25.  D58  X50 

inCor/>rt/'«riftn  of  lOjo  ntur*  ini  4^ 
(ftoratv  u3»^<j  o  sr>/ut<o^  0+ 
itiArit  oud  alcohol  , 


F.g.afc.  Apparo^i  used  -for  specific  rt».'»»»«t  m.K.a+io  r»S . 
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